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ABSTRACT

Object-Oriented computing is fast becoming the de-facto standard for
software development. Optimal deployment strategies for object servers change given
variations in object servers, client applications, operational missions, hardware
maodifications, and various other changes to the environment.

Once distributed object servers become more prevaent, there will be a need to
optimize the deployment of object servers to best serve the end user’s changing needs.
Having a system that automatically generates object server deployment strategies would
allow usersto take full advantage of their network of computers.

Many systems have very predictable points in time where the usage of a network
changes. These systems are usualy characterized by shift changes where the manning
and functions preformed change from shift to shift. We propose a pro-active
optimization approach that uses predictable indicators like season, mission, and other
foreseeable periodic events.

The proposed method profiles object servers, client applications, user
inputs and network resources. These profiles determine a system of equations that is
solved to produce an optimal deployment strategy for the predicted upcoming usage by

the users of the system of computers and servers.
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EXECUTI VE SUMVARY

object-Oiented conputing is fast becom ng the de-
facto standard for software devel opnent. Opt i mal
depl oynent strategies for object servers change given
variations in object servers, client appl i cati ons,
operational mssions, hardware nodifications, and various
ot her changes to the environnent.

Once di stri but ed obj ect servers becone nor e
prevalent, there will be a need to optim ze the depl oynent
of object servers to best serve the end user’s changing
needs. Having a system that automatically generates
obj ect server deploynent strategies would allow users to
take full advantage of their network of conputers.

Many systens have very predictable points in tine
where the usage of a network changes. These systens are
usual ly characterized by shift changes where the manning
and functions preforned change from shift to shift. e
propose a pro-active optimzation approach that wuses
predictable indicators |ike season, mssion, and other
f oreseeabl e periodic events.

The proposed nethod profiles object servers, client
applications, wuser inputs and network resources. These

profiles determ ne a system of equations that is solved to
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produce an optinmal deploynent strategy for the predicted
upcom ng usage by the users of the system of conputers and

servers.
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CHAPTER 1

A | NTRODUCTI ON

Conpl ex conputer systens are nmade up of conputers, the
net wor ks that connect these conputers together, the software
that runs on these conputers and the users that interact
with the applications. The systens tend to be heterogeneous
in the hardware and software that conprise their structure.
The functions these systens support are diverse as well.

System engi neers al ways want these conputer systens to
perform at peek efficiency. However, with the constantly
changi ng environnment that characterizes these systens, peek
efficiency is difficult to maintain.

Wien these systens serve a set of users that is known
and |imted, then the possibility of matching the systemto
the changi ng environnent is achieved. By know ng ahead of
time that a limted nunber of users can access the system
assunptions can be nmde about queuing delay that nake
reasoning about this environnment possible. Even a
sinplistic nodel of this environnent can lead to | arge gains
i n perfornance.

To prove this hypothesis, | introduce a methodol ogy for
inmplenenting a nodel of a distributed, object-oriented

system with a known set of wusers on a heterogeneous



envi ronnent of hardware. Different scenario reflecting
different manni ng schedul es, hardware and software changes
where input into the nodel. The results of these nodel runs
where different deploynent assignnments for the object
servers.

These scenarios where then tested with real software on
real hardware in a test environnent. Measurenents of all
possi bl e depl oynents where collected and conpared. The
results showed that substantial perfornmance enhancenents
coul d be achi eved by this approach.

The advancenents of object-oriented technology in the
past decade have lead to worldw de acceptance of its
principles. Today, nunerous devel opers design their systens
by nodeling the problem domain in terns of conmunicating
entities called objects. Object-oriented systens tend to be
nmore intuitive, easier to maintain, and allow for nore re-
usabl e code.

The future of conputing is heading for a universe of

distributed object servers. The evolution of object
servers to distributed object servers wll parallel the
evolution of the relational databases. Over tinme, object
servers  wll provide functionality to nore client

applications than their original applications, just as
rel ati onal dat abases were used by nore applications than the
original application. In both cases, systens optim zed for
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the original application nmay not perform well for the new
applications. Tools that allow a programmer to nodel an
object and create object servers wth all the necessary
infrastructure code needed to work as a distributed object
server wll soon be available. This will lead to an
explosion in the nunber of object servers available to
client applications.

A user’s network of conputers will be in a constantly
changing state. (bject servers, applications, hardware and
user preferences will be in a constant state of fl ux. No
static deploynent strategy can adequately take advantage of

the assets accessible on the network in such a frequently

changing environnent. In many cases there exist
predictable points in tinme where the user wll know how
their network of conputers w |l change. These predictable

points in tinme are usually scheduled. By allow ng the user
to take advantage of these schedul ed changes, the system can
be better utilized.

No system can accurately predict user interaction with
a system Two separate users performng the sane job wll
interact with a system differently. The sane user may
interact differently while performng the same job. For
t hese reason and conbinatorial explosion problens, a nore
dynam ¢ software engi neering approach nust be taken instead
of a static conputer science approach. The alternative is a
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depl oynent strategy that is dictated by the system
engineer’s view of how the system will be utilized. o
course, the system engineer doesn’'t revisit this strategy
every tinme hardware, software or user interactions change.
The goal is to make better deploynent choices w thout the
need for a system engi neer, since nmany of these changes wl |l
take place without the know edge of a system engi neer or the
budget to enpl oy one.

1. bj ect-Oriented Architectures

(bj ect-oriented systens can be singl e tier
architectures, where the entire system is contained inside
of a single class in one executable. They can have n-tier
architectures where all tiers execute on a single machine or
in a single executable. These two types of architectures
are quite easy to devel op and deploy. Another architectural
type is that of a distributed object-oriented architecture.
In this architecture, the first tier usually consists of at
| east one object server and the remaining tiers consist of
at |east one application. When the object server and
application do not have to be co-located on the sane
machine, then the architecture is a distributed object-
oriented architecture. Di stri buted, obj ect-oriented
architectures are nore difficult to devel op and depl oy, but
this architecture is much nore applicable to the design of
| arge, conplex systens. The nodel defined in this paper
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nmust be able to reason about di stri buted, n-tier
architectures.

2. bj ect-Oriented M ddl eware

There are three primary communication conduits for
obj ects today. The Common  (bj ect Request Br oker
Architecture (CORBA) is the (bject Managenent Goup’ s (OM5
core specification for distributed object interoperability.
The protocol used to conmunicate in CORBA is Internet Inter-
ORB Protocol (I110OP). Sun Mcrosystens’s JAVA Renote Method
I nvocation (RM) is another protocol commonly wused to
comuni cate between distributed objects. The third protocol
is Mcrosoft’s Conponent (Cbject Mbdel (COM and its
derivatives COM DCOM and COMt.

All of these m ddl ewares offer different advantages and
di sadvantages, but they are nore alike than they are
different. A CORBA server, an Enterprise Java Bean (EJB)
container, and a COMt+ server are all object servers. The
met hodol ogi es for deploying object servers in this paper
will work for all three of these different m ddl ewares.

3. (bj ect-Ori ented Languages

There exi st many | anguages to inplenent object-oriented
syst ens. These include, but are not limted to Snalltalk,
C++, Ada95, and JAVA. Although, all the programring in this

paper was done in JAVA the nethodol ogi es developed in this



dissertation will work for object servers inplenented in
di fferent | anguages.
There are problens associated with redepl oying object

servers witten in different |anguages on mnmachines wth

different operating systens. Not all | anguages are
available on all nachines. Speci ali zed | anguages for
particular machines will have |imted nobility. These

restrictions nmust be reflected in the nodel.

4. Optim zation

The goal of this research is to optimze a distributed,
object-oriented architecture to suit users needs. The
criterion used to evaluate the optimzations 1is user
response tinme. By changing the assignnment of object servers
to different machines with different capabilities, the end
result will be a change in the response tine to the user.
Dynam c optim zations can incur |arge overheads in
conputation that can ultinmately eat into any savings. I
propose a systemthat re-conputes static deploynent patterns
for predictable points in tinme to better wutilize the
targeted system

5. Predictable Points in Tine

How can the user recognize the predictable points in
time at which deploynent patterns should be re-assessed?
Hardware and software changes are wusually scheduled for
systens in advance. Hence, these changes cone at
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predictable points in tine. These are the nost easily
recogni zabl e and exi st for al nost every system Any tool to
optimze a system would have to take into account these
changes to the system

The real power to the optim zation detailed here lies
in know ng your users. To take full advantage of the
met hodol ogy detailed in this paper, one needs to nodel the
users of the targeted system |In systens that serve a known
universe of users, this nethodology can be extrenely
hel pful . By nodeling all the different types of users on
the targeted system an optimzing nethodology can take
advantage of shift schedules, nmanning changes, m ssion
changes, and ot her changes in users or their demand patterns
to reconfigure for better-targeted perfornance.

This chapter gave a brief introduction to the problem
and the notivation for the research. Chapter 11 gives an
assessnent of previous research. Chapter 111 details the
data needed to nodel the environnent. Chapter |V introduces
the objective function and illustrates how to map the
profiles to the objective function. Chapter V illustrates
the different parts of the object function. Chapter Vi
contains the results of a JAVA RM inplenentation. Chapter
VIl contains the results of a JAVA CORBA inplenentation.
Chapter VIII discusses nethodologies for collecting the
needed profiles. Chapter |X discusses future refinenment to
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t he nodel. Chapter X is a collection of conclusions that
can be drawn from this research. Appendix A is a list of
all the LINGO nodels that where used in this dissertation
Appendix Bis the JAVA RM code. Appendix Cis a listing of
the raw data collected fromthe test environnent. Appendi X
Dis a list of LING nodels used for conbinatorial timng

tests. Appendix Eis a listing of the JAVA CORBA code.



1. CHAPTER 2

A PREVI QUS WORK ASSESSMENT

Distributed, Object-Oiented technology is a relatively
new technol ogy. Many of the common tools used to devel op
distributed object servers haven't been around for nany
years. CORBA, JAVA, and COM have been around for alnost a
decade, but actual depl oyed systens where object servers are
involved in the architecture are just now becom ng
commonpl ace. Most of the distributed, object-oriented
research to date 1is in the area of nmking these
architectures easier to develop, nmore reliable, and
i ncreasing the performance of the inplenenting | anguages and
m ddl ewar e.

There has been little work on deploynent strategies for
di stributed object servers. The cl osest relevant research
is in the fields of |l|oad balancing and client/server
per f or mance. Rel evant work today also exists in the
aut omat ed generation of object server code.

1. Load Bal anci ng

State of the art [|oad balancing techniques address
scheduling of given tasks on a set of given nachines. The
goal of these techniques is to balance the |oad across

mul ti pl e machines. Wile many of the ideas and term nol ogy



are useful for optimzation, the essential goals differ. 1In
optim zation, the goal is to decrease the response tinme to
the user. In given situations, this may require having the
entire load run on just one conputer. Figure 1 depicts the
processing that nost |oad balancing research covers where
tasks have independence with respect to the location of its
execution [1,2,3,4,5,6,7,8].

It is inportant to renenber that object servers do not
have i ndependent tasks. All  methods in an object are
rel ated because they reference the sane data. It is often
useful to manage all the objects of a given type with a
single object nanager. Figure 2 represents this fact.
Wi | e | oad-bal ancing research doesn’t require independence
of tasks, the dependencies that are of interest usually deal
with tenporal constraints. Tasks of this nature may require
that a given task finish executing prior to the start of the
related task. Tasks in an object are constrained by
| ocality of data. When duplicate objects are not all owed,
it is difficult to spread tasks contai ned inside of the sane
obj ect across nultiple nmachines.

Types can be partitioned with sone instances in one
server and others in a different server. This can work if
none of the nethods reference nore than one instance of a
t ype. The nethodology detailed in this dissertation
requires all instances of the sanme type to be in one server.
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Figure 1. Current Load Balancing Techniques.

Figure2: Load Balancing Object Servers.
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2. Paral l el Processing

Parall el processing research usually | ooks at changi ng
a sequential conputation into a parallel conputation to gain
speed. This involves breaking down a conputation into n
parts that can be processed sinultaneously on different
conput ers. Finding these parallel conponents is both
difficult and tine consum ng. The potential benefits of
this approach seemlimted to conplex cal culations and | arge
sear ches. These optim zations would have nore than |ikely
have an inpact on the internals of the server or nethods,
than on a nethodology for optimzing nultiple servers that
may or may not be rel ated.

3. Client/ Server Performance

In this research, the processing is distributed in a

very different way than the way parallel processing research

distributes the | oad. The server functionality wusually
handles the processing for keeping the data safe. | t
usually handles functions 1|ike persistence, concurrency
i ssues, security, etc. The client code often handles the

processing dealing with the graphical user interface.

The nunber of tinmes a nethod is called is wusually
dependent on the interaction with end users, very nuch |ike
the situation in client/server performance research. Most
of the research in this area |looks at the internals of the
single server relationship with its clients. The caching of

12



informati on and use of proxies are exanples of perfornmance
research in this area [15,19, 23, 24, 25, 27]. Wil e sonme of
the ideas in client/server research can be used to optim ze
obj ect server deploynents, the research involved in this
paper is targeted at performance to the clients when
multiple servers are involved. The internals of the servers
are treated as black boxes where no know edge of the inner
wor ki ngs of the servers is required.

4. Clusters and Replicas

O her approaches to decreasing the average client
response tinme include the wuse of replicas or clusters.
These techniques usually involve making copies of servers
and distributing these copies across nachines. The
optim zations then |ook at balancing requests across the
copies [3,8]. Many commercial mddleware and database
products use these techniques.

Clusters have no logic internal to the servers to
guarantee that the <copies remain consistent. W t hout
consistent copies, clients can get different results from
the sanme query. For this reason, many of the comerci al
products require the objects in the servers to be stateless
obj ect s. This neans that the objects are essentially read
only and the values of the attributes cannot be nodified
Even with stateless objects, the addition and deletion of
obj ect instances can |ead to servers with differences.

13



Replicas have logic internal to the servers to
guarantee that the copies renmain consistent [14,16,17,19].
Synchroni zation of replicas requires two-phase commts in
order to guarantee consistency of data [18]. As the update
rate increases, the level of performance can deteriorate
qui ckly.

These techniques require additional hardware resources
and add conplexity to the architecture. A system engi neer
shoul d evaluate their uses carefully prior to inclusion in
their design, especially if performance is the main reason
for inclusion. An additional benefit of these techniques is
that they give the system fault tol erance. | f one of the
copies is wunavailable, then the system will continue to
work. If this is the desired quality, our nethodol ogy wll
still allow these servers to be optimally depl oyed. Each
cluster or replica copy would be treated as a separate
server. The nodel would not know that two servers are
i dentical . It would only know the neasurenents are
identical since we treat each server as a black box.
Replica copies would actually be conplex servers where the
related servers invoke calls on the copies when set nethods
are invoked.

5. Di stributed, Real Tine Systens

Research in optimzation of distributed, real-tine
systens is also widely available. This research is ained at
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real -tine systens where the optimzation is directed at the
scheduling of tasks, simlar to mny |load bal ancing
t echni ques. In non-real time systens where user
interactions dictate the majority of the tasks, scheduling
of tasks is inpractical. Conversely, noving object server
| ocations around in a distributed, real-tinme systemis often
i npractical . For these reasons, this work is directed at
the non real -tine arena.

6. Shar ed- Menory Ml ti processor Systens

Q her approaches to inproving the performance of
servers include hardware i nprovenents. These approaches
usual Iy invol ve shared-nmenory multi processor systens. Wile
research focused on hardware, such as the Cache Coherent
Non-Uni form Menory Access (CC-NUMA), does inprove the
performance of object servers, these solutions are not an
option for nost system engineers due to the high cost of the
systens [31]. Much of the research involved in shared-
menory nultiprocessor systens relies on the existence of
fast, reliable shared-nenory, which doesn’'t exist in a
het erogeneous network of |low cost conputers. Mul ti -
processor systens are orders of magnitude nbre expensive
than single CPU systens. While these systens may be the
only option for Jlarge nonolithic servers, multi-server
architectures can distribute their servers across much
cheaper single CPU systens to gain needed performance.
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Shar ed- Menory multiprocessor systens are the clear
choice for systens where there is a |arge anmount of objects
that are interrelated and where speed 1is essential
Spreading the objects over nultiple machines would incur a
network cost that m ght be too high for sone systens.

7. GRI D Conputing

Research in Gid Conputing also has energed as an
inportant new field in distributed conputing. Lar ge-scal e
resource sharing across multiple organizations increases
both the set of available network resources and the
conplexity of the wunderlying architecture. The need for
aut hentication, authorization, resource access, resource
di scovery, and other <challenges require applications to
conformto “intergrid protocols” [29, 30].

Wiile these added conplexities would be needed for
environnents like the Internet, they are not as useful in
much smaller, single organization environnents. The
environnent that the grid research is ainmed at can be
characterized by extrenely |large tasks where a network del ay
bet ween conputers becones | essened. Wiile the research in
this dissertation can be expanded to include architectures
simlar to the grid, it is currently ainmed at a nmuch snaller

architecture of a single |ocal area network.
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8. Code Synthesis of (Object Servers

The next big push in automating the generation of
software is comng in the area of object servers. The Joint
Task Force Advanced Technology Denonstration (JTF ATD)
Proj ect sponsored by the Defense Advanced Research Projects
Agency’s (DARPA ' s) Information System Ofice (1SO has been
doing research into collaborative, distributed conplex

obj ect oriented technol ogies from 1995 to 2000.

The research conpleted in the JTF ATD Project has
resulted in a nodel driven code generation process and tools
that enables system and application developers to build
di stri buted, conpl ex, obj ect oriented systens. The
technology has been designated the Next Cenerati on
Information Infrastructure (NG&I1) 2000. It wuses the
Uni versal Mbodeling Language (UML) to describe the nodels of
the systemthe devel oper is building along wwth code scripts
that drive the code generation process within the Conmobn
(bj ect Request Broker Architecture (CORBA) environnent. The
researchers have found that the code generation process is
extensible to Enterprise JAVA Beans (EJB) as well as
Ext ensi bl e Markup Language (XM.) and Extensible Scripting
Language (XSL) and systens have been code generated in these

domai ns [ 32].
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The nodel driven code generation nobdel and tools
devel oped within the JTF ATD to date for the NGI 2000
al | ows t he system and application devel opers to
automatically generate infrastructure services from a UM
Class Model, and to create a framework of code to support
the application devel oper in a CORBA environnent.

9. Current Practices

Because of t he difficulty in pr oduci ng t he
infrastructure code necessary to support distributed object
conputing, mnmany devel opers produce huge nonolithic object
servers as seen in Figure 3. A powerful machine is usually
needed to adequately handle this server and successful
applications that experience large increases in the nunber

of wusers nmay outgrow the capabilities of the fastest

avai l abl e single nmachine. Wth autonmated code-generation
tools, these servers wll be nuch easier to produce and
reconfigure. This will allow servers to be partitioned
according to the logical nodel as Figure 4 illustrates.

This allows servers to be deconposed by partitioning
unrel ated or | oosely related objects into different physical
servers that can be deployed across the network to take
advant age of the avail able assets. By taking advantage of
all the assets on the network, faster response tines can be

achi eved.
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Many vendors claimto address optim zation within their
products. Most of these involve the enploynent of replicas
and clusters enbedded in the logic of their EEJB, CORBA or
DCOM enterprise tools, like Allaire’s Jrun or Borland s
Vi si br oker. These products work best if your system has
just a few statel ess object classes with nunerous instances
and plenty of avail abl e hardware. In an environnment where
mul ti ple vendor products are present, they lack the ability
to reason outside of their i npl enent ati on. Thi s
dissertation treats each vendor inplenentation as black box
and has the ability to reason over the entire m xed bag of
servers.

| BM s Distributed Application Partitioning (DAP)
automatically determnes how best to place objects in a
distributed program DAP nonitors the execution and records
how often particular objects comunicate with each other.
Then it conputes an object placenent by determning the
m ni mum cut set of a graph. The focus this research is a
single application and a single user. Further research is
needed to see if this approach has nerit in a nultiple
application, nmultiple user environnent.

Wil e these products have value, they are linmted to
optim zing servers inplenented within their tool. The
ability to reason about performance over a mxed bag of
obj ect servers regardl ess of nmiddl eware (EEJB, CORBA, DCOM
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i npl ementation was not found in any product or previous
research.

Many networks of conputers are installed with a single
purpose in mnd. Over tinme, these networks support an
evol ving set of tasks. Even though the original role the
network played can change dramatically, rarely does a single
system engineer revisit the deploynent strategy. What a
user ends up with is usually the product of multiple system
engi neers choices nmade from his additional changes w thout
regard to the system and its roles as a whole. It is
i nfeasi bl e, because of cost, to hire a system engineer to
assess the whole systemevery tine a change occurs. 1In the
end, the wuser is left wth a system that’'s deploynent

strategy boarders on randommess.
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Figure 3: LargeMonolithic Object Server.

Class 2

Class 1

Figure 4. Decomposed Object Servers.
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I11. CHAPTER 3

A PROFI LI NG ARCHI TECTURAL COVPONENTS

The goal of this chapter is to describe a nethodol ogy
that can repeatedly generate distributed object oriented
server deploynent architectures to take advantage of network
resources for the purpose of reducing client response tine
to conplete his job. The system nust be able to reason
about deploynent strategies of |oosely related objects.
Finally, the systemnust allow an end user to set priorities
on end user tasks.

The data collected fromthe systemis stored in a table
called a profile. There are profiles for each nachine,
server, application and user type. There is also a profile
t hat describes the network. The systemthen nmust nmap all of
these profiles into equations to mnim ze response tine.

The actual elenents of a profile and the nethodol ogi es
for <collecting these profiles are described in later
chapters. This chapter is here to expose the reader to the
concept of profiles and their uses.

1. Evol ution

Over time, a collection of hardware, software and user
requirenents will change in a given environnent. Common

har dwar e changes consist of adding new conputers, renoving
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old conputers, upgrading CPUs, nodifying RAM and nodifying
net wor k bandw dth capacity. Each of these hardware changes
w Il produce an event that would trigger the systemto re-
eval uate its depl oynent strategy.

Software can also be quite dynamc in nature. New
obj ect servers and applications can appear. O d ones can be
renoved. Exi sting object schemata and nethods can be
changed. Each of these changes would trigger an event to
re-eval uate the depl oynent strategy.

2. Loosely Rel ated (bj ects

(bj ects that invoke nethods on other objects are said
to be related objects. Not all objects that are related
must necessarily be contained in a single object server.
There is a point where the performance of the system would
i nprove by noving the object into a different server. This
is usually the case when none of the application code
exercises the relationship or exercises it only very rarely.
The approach will be able to reason about not only depl oying
obj ect servers, but also recomend the schema supported by
t hese obj ect servers.

3. Use Patterns

User requirenents can also be in a state of flux. Mbst
conputer systenms are used to support nultiple |obs.
Busi ness-hour requirenments can differ greatly from after-
hours conputational requirements. A devel oper’s network of
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conputers can support multiple projects, but my need to be
optim zed for a single project for denonstrations. In the
mlitary, the operational m ssion being supported can change
significantly. For exanple, a set of distributed object
servers could be used to support nmany applications aboard a
shi p. These applications could handle such tasks as Anti -
Submarine Warfare (ASW, Anti-Surface Warfare (ASUW, Anti -
Alr Warfare (AAW, Electronic Warfare (EW, humanitarian
m ssions and rescue m ssions. The relative conputationa
activity of these applications could differ significantly on
different m ssions of the shinp.

Optim zing a system of object servers for all possible
roles would not be optimal when the system is only
performng a couple of mssions at a tine. By profiling
each role, the user could choose to optim ze his depl oynent
to increase the response tine of the user chosen roles. 1In
this way, the user could tune his system to give peak
performance for the task he is currently trying to perform

4. Profiles

A profile is an abstraction of a given characteristic
of the system The elenents in the profile are the raw data
that the nodel wll use to reason about the given
characteristic. The tricky part is to figure out what
el enents are needed in the different profiles, how to map
these profiles into equations and then nodel how these
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profiles interact with each other. The nore conplex the
nmodel ing of the hardware becones the nore conputationally
i ntensive the approach will becone. Initially, we explore
an approach with rather sinplistic profiles to denonstrate

its capabilities.

a) Har dware Profil es

The aspects being nodeled in the hardware profiles
i nclude characteristics of each conputer such as CPU speed,
RAM size and disk capacity. The hardware profile also
nmodel s the network speed between each pair of conputers.
Current hardware profiles do not directly support nmulti-
processor conputers, but they could be nodel ed as groups of

separate nodes with very high “network speeds” between them

b) (bj ect Server Profiles

(bj ect servers need to be profiled for netrics
associated with each nethod call in each object. The
conputational tinme of each nethod call should be captured
and normalized to a specific hardware architecture. Si nce
obj ect servers ideally run continuously, the RAM and disk
usage of the object server nust also be neasured and
sumari zed. The hardware profile and the object profile are
sufficient to optimze the server deploynent for the case
where all the functionality contained in all the objects is
of equal value to the user. Metrics can be collected
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easily with a small client application that exercises each
met hod call and records the data. Thus, act ual
i npl ementation code for the application isn't needed to

estimate the object server profiles.

c) Client Application Profiles

Profiling becones nor e difficult if t he
application code is not avail able. When no source code is
avail able, then the system nust allow a user to create a
task and record all the events that occur in the task. This
could be done by sinulation or nonitoring calls to the
obj ect servers when the systemis in a training node. The
plus side to this nmethod is that the user could profile nore
conpl ex tasks involving many user interactions into a single

profile.

d) User Profiles

The nore difficult part is profiling user criteria
for optimzing the system The way a user interacts with a
system can be characterized, but not precisely predicted.
For this reason, we are left with an optim zati on approach
W th stochastic variability.

The nost straightforward approach involves making
a table for each user-initiated task an application can
perform The call map for this table entry can be scanned
for calls to object servers. The actual |ocal processing of
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the client code is not factored into the objective function
to be optimzed, since the user predeterm nes the |ocation
of the client software when he initiates the application on
a machi ne. The user then has a table of all tasks each
application can perform The user would then create a new
role and select the tasks that are of nobst inportance to
that role. The user then selects a subset of roles and has
the system cone up with an optiml deploynent strategy to
nmeet these criteria. A nore refined profile could include
frequency information for the tasks and calls for each task,

and response tine goals for each task.
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V. CHAPTER 4

A METHODOLOGY FOR TURNI NG PROFI LES | NTO MODEL VALUES

In order to conpute the optiml deploynent strategy
from a given set of profiles, one needs to map these
profiles into equations that can be solved for mninmm
response tine. To illustrate the mappings, we present an
exanpl e. The exanple consists of four machi nes, four object
servers containing a single object and three client
appl i cations.

1. Har dware Profil e Exanpl es

Table 1 shows the hardware profile of the four
machi nes. In the profile is an entry for the physical RAM
of each machine neasured in bits and an entry for the speed

of its CPU neasured in negahertz.

Table1: Machine Profile.

MACHI NE RAM ( b) CPU Speed (MHz)
w 512, 000, 000 300
X 1, 024, 000, 000 200
Y 1, 024, 000, 000 400
V4 2,048, 000, 000 500

Table 2 shows the network bandwidth available to
communi cate from each nmachine to the other. In this
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exanpl e, the machines wll have equal bandw dth between each
other, as is the case when all servers are running on the
sane | ocal LAN. The speed of comruni cations between servers
on the sanme machine is nore difficult to neasure. These
speeds usually lie in the area bounded by the speed of the
machi nes back plane and the speed of the network. It is
dependent on the operating system inplenentation of the

m ddl eware, and other factors. For this reason, the system

currently assunes that intra-nmachine communication is twce

as fast as inter-machine communication as a nonina

representative case. O course, the analysis can be run

with best and worst-case scenarios by inputting the boundary

values stated above, or with values determned from
measurenents of the actual hardware.
Table 2: Network Speed Profile.
Machi ne W X Y Z
to
Machi ne
Speed
(bps)
W 2,000, 000 | 1, 000, 00O | 1, 000, 000 | 1, 000, 000
X 1, 000, 000 | 2, 000, 000 | 1, 000, 000 | 1, 000, 000
Y 1, 000, 000 | 1, 000, 000 | 2, 000, 000 | 1, 000, 000
Z 1, 000, 000 | 1, 000, 000 | 1, 000, 000 | 2, 000, 000
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2. (bj ect Server Profile Exanples

Besides the hardware profiles, we need to have the

server profiles. For sinplicity, each server will have only
one object type. Later, we wll show how nultiple object
types in a server are handled. W w il need three different
tables to depict the profile of object servers. These

tables are a RAM usage table, a nornalized table of CPU
usage and nessage size for each call, and a table of calls
for server-to-server nethod invocations. Table 3 lists each

server’s RAM requirenents.

Table 3. Object Server RAM Profile.

SERVER RAM Requi red (b)
A 352, 000, 000
B 264, 000, 000
528, 000, 000
352, 000, 000

The second table of information we need for object
server profiles is the timng of each individual nethod cal
avail able in each server. In this exanple, server A has
four nethods, server B has two nethods, server C has three
nmet hods and server D has four nethods. Table four gives the

profiles for these servers.
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Table4: Object Server Performance Profile.

SERVER Met hod CPU time (s) Aver age

Si ze of

Message

A 1 0. 0056 12132)0
A 2 0. 01454 2300
A 3 0.0034 5600
A 4 0.0123 22000

B 1 0. 0089 500000

B 2 0. 0124 340000
C 1 0.0122 40000
C 2 0.0141 500000
C 3 0. 0034 50000
D 1 0. 0333 33000
D 2 0. 0102 2700
D 3 0. 0183 35000
D 4 0. 0383 40900

The last table of information we need to describe our
obj ect server profiles is a |list of server-to-server nethod
i nvocat i ons. This is a list of methods that call other
server nmethods fromw thin a server. 1In this exanple, every

time method B.2 is called from a client application, B.2
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i nvokes nethod C. 1. There nmust not be any cycles in this
table or it wll be inpossible to nornalize Table 4
correctly. The values in Table 4 nust contain only a val ue
for the processing on that server. Any time spent waiting
on return calls from other servers nust be renoved. Al so
the neasured tinme nust be conparabl e between nachines. | f
the data is collected on different machi nes, then the val ues
must be nornmalized for conparability. A sinple solution to
this problemis to multiply the neasured value by a ratio of
the machi ne speed of the neasured nachine by the nachine
speed of a normalized machine. Table 5 lists these nethods

of which there is only one for this exanple.

Table5: Complex Object Server Profile.

Primary Met hod Secondary Met hod

B. 2 C1
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3. Client Application Profile Exanples

Client 3

Client 1

Client 2

Button 1 Button 2 Button 3

Button 4 Button 5 Button 6

Button 7 Button 8 Button 9

Figure5: Client Applications Interface.

Table6: User Interface Call Chart.

But t on Met hods Cal | ed

Cl. Bl

Cl. B2 + B. 1

Bl + C2 + D1

B2

B3

B4

+
W O
N

B5

B6

B7

B3

B9
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B2

O O[> 01> > 0000 >
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BINWININ

B3
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In Figure 5, the user interfaces for three client
applications are shown. In Table 6, we l|ist the object
server call trees for each action a user can initiate. For
exanple, if the user were to use client application nunber 3
and click on Button 3, then the client application code
woul d invoke the second nethod on object server C and the
fourth nmethod on object server D. Notice that all of the
B.2 method calls are initalics. This indicates that B.2 is
actually equal to B.2 and C 1 since B.2 contains a call to
C 1.

4. User Profile Exanples

Let’s assune that this network of conputers supports
three different roles for the user and the following is the
use pattern over a period of tine. Role 1 may pertain to a
daytine shift. Role 2 may pertain to a nighttine shift and
Role 3 my pertain to an end of the nonth inventory
function. From the table below we get that during the
daytine shift or Role 1, the average user clicked on
[ Application 1, Button 1] 50 tines, [Application 1, Button
2] one tinme, [Application 2, Button 1] 25 tines, and
[ Application 2, Button 6] one tinme on average over a 100

second peri od.
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Table7: User Roles Profiles.

ROLE CALL PATTERN (per 100 second peri od)
Role 1 50 C1.B1 + 1 C1.B2 + 25 C2.B1 + C2.B6
[ Dayti ne]
Role 2 10 C1.B1 + 40 C1.B2 + 24 C3.B2
[ Ni ghttinme]
Role 3 [Month |50 C2.B5 + 10 C2.B9 + 30 C2.B3 + 1
End] C2.B2 + 1 C3.B2

5. bj ective Function

The objective function that needs to be mnimzed is
the sum of all of the response tinmes for a given call
pattern over a given tine interval. Since we want to allow
the wuser the freedom to run client applications from
anywhere on the network, we wll ignore all processing on
the client machines and all netwrk delay between client
machi nes and server machi nes. The only factors we wll
consider for optimzing our server deploynent are the
processing of the object server and the network delay
bet ween object servers. Therefore, the function that we

wish to mninmze is:

Minimize ZN: i adnm |:|F\;1m|:|8norm + i ZN: E

n=0 m=0 i=0 j=0 Qij
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subject to the follow ng four constraints:

1. Object Servers cannot be split across nachi nes.

dmm = 1, iff server n is running on machine
0, otherw se

2. Each Server can run on only one machine [no nultiple
i nstances of the sane server.

3.

[N ZM:anmsl

m=0

RAM usage by the object servers cannot pass a set

t hreshol d on each nmchi ne.

4.

CIm ZN:aan\/nsTmEU

n=0

CPU tinme on a given machi ne cannot surpass the
corresponding real tine interval.

N
[Im Z a.nm DRT‘I |:|Snorm S C
n=0 S

Nunber of object servers
Nunmber of physical machi nes

Nor mal i zed machi ne | oad of server n (seconds, s)
= Speed of the normalizing machi ne (MHz)

= Speed of nachine m (VHz)
= Data sent between server i to server j (bits, b)

= Networ k Speed between server i to server j (bps)

Physi cal RAM on machine m (bits, b)
= Menory allocated by server n (bits, b)
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U = Multiple to limit RAMutilization [0.1 < U < 3.0]
C = Tine Interval [seconds, s]
Note that the optimzation process ranges over all

possi bl e conbinations for Amand finds the mni num based on
the above objective function and constraints. Qi is

dependent on a@wm. Its value is a function of the relative
| ocation of the two servers. Depending on this function,

the system of equations may be linear or non-linear. For

the exanples in this dissertation, Qijz[“iawajm]*,_, wher e
L is the LAN speed. All other ternms are fixed either by

nmeasur enent or input.

a) Processi ng Speed Term
The processing speed term of the objective

function is:

N M
Minimize Z Z anm L1Rn [1Shorm
n=0 m=0 Sm

This part of the function |ooks at all possible
depl oynent patterns. @m s used to keep track of the
depl oynent s. dm s zero if SERVER n is not |ocated on

MACHI NE m If SERVER n is located on MACHHNE m then dAmm

is one. Srom is the CPU clock rate of the nachine used to
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normal i ze the object server profile. Sn is the CPU clock

rate of MACHI NE m R. is actually the workload on the CPU
for SERVER n. This is a sum of the products of all the
methods in SERVER n tinmes the nunmber of times a user RCOLE
calls that nmethod. This termof the objective function ends

up being expressed in units of seconds.

b) Net wor k Speed Term

The network speed term of the objective function

N N BIJ
Minimize E E
i=0 j=0 ij

The network speed term just adds sone tinme for

each tine a server-to-server nethod is call ed. The nunber

of bits is divided by the rate of transm ssion. Bi is

expressed in bits. Qi is expressed in bits per second.

This term of the objective function ends up being expressed

in units of seconds.

c) RAM Limts
In the nodel, we nust have sonme logic for not
overloading a nmachine so nmuch that the processing of the

machi ne bogs down. To acconplish this task, we limt the
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anount of a machines RAM that can be used by the object
servers. Constraint 3 in the objective function servers
t hi s purpose.

This constraint basically states that the total
menory usage of all object servers |oaded on a machine wll

be I ess than a percentage of the nenory on that nachine.

d) CPU Limts

W also have to |imt the loading of the CPU.
Since all of the processing neasurenents are averages and
the user profiles are averages over tine, we cannot exceed
100% CPU | oadi ng. Even though the CPU can queue tasks when
overl oaded, it doesn’t have the chance to catch up if the
user profiles truly reflect the user requests. Constraint 4
servers this purpose.

e) fpecializing the Qbjective Function for Role

Role 1 consists of 50 C1.Bl1 calls, one Cl1.B2 call,
25 C2.B1 calls, and one C2.B6 call. The first step is to
convert all of the button calls into nethod calls by

substituting the values for the calls from Table 5.

50 [A/1l]] +1 A2 +B1] +25[C1+C2+ D1 +1[B.2] =

50 [A/1l]] +1[A2+B1] +25[C1+C2+D1 +1[B2+C1] =
50 A1 +A2+B1+25C1+25C2+25D1+B2+C1-=

50 A1 +A2+B1l+B2+26C1l+25C2+250D1
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This leads to the following values for R the
normal i zed machi ne | oads for each server. In the foll ow ng
syntax, R(A) will stand for the load on server A R(B) for
the load on server B, R(C) for the load on server C, and

R(D) for the |oad on server D.

R(A) =50 [A 1l values for CPU + 1 [A 2 value for CPU
50 [5.6] + 1 [14.54]
294. 54

R(B) =1 [B.1 values for CPU + 1 [B.2 value for CPU|
= 1[8.9] + 1 [12.4]
= 21.3

R(C) =26 [C 1 values for CPU + 25 [C. 2 value for CPU]
= 26 [12.2] + 25 [14.1]
= 669.7

R(ID =25 [D.1 values for CPU
= 25 [33. 3]
= 832.5

There is only one italicized nethod call prior to
substitution, so there is only one network value to deal
Wit h. There is also only one conplex server call. The
syntax BITS[I,J] stands for the data bits sent from server |

to server J.
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BI TS[ B, C] 1 [B.2 nessage in bits]

40000

The full LING nodel for Role 1 can be found in
Appendi x A | abel ed ADOAG6. 1. 1.
f) Speci alizing the Objective Function for Role
2
Role 2 consists of 10 Cl1.Bl1 calls, 40 Cl.B2 call
and 24 C3.B2 calls. The first step is to convert all of the
button calls into nethod calls by substituting the values

for the calls from Table 5

10 [Al]] + 40 [A2 +B.1] + 24 [B.1 + B.2] =

10 [A1l]] + 40 [A2 +B. 1] +24 [B.1 +B.2 + C 1] =
10 A1 + 40 A2 + 40B.1 + 24 B.1+24B.2+240¢C1
10 A1 + 40 A2 +64B.1+24B2+24C1

This leads to the follow ng values for R

R(A) =10 [A 1 values for CPU + 40 [A 2 value for CPU
= 10 [5.6] + 40 [14.54]
= 637.6

R(B) =64 [B.1 values for CPU + 24 [B.2 value for CPU
= 64 [8.9] + 24 [12.4]
= 867.2

R(C) =24 [C 1 values for CPU
= 24 [12.2]
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292. 8

R(D)

1
o

There is only one italicized nethod call prior to
substitution, so there is only one network value to deal

with. However, it is called 24 tines.

Bl TS[ B, C]

24 [B. 2 nmessage in bits]
24 [40000]
960000

The full LINGO nodel for Role 2 can be found in
Appendi x A | abel ed ADOA6. 2. 1.
g) Speci alizing the Objective Function for Role
3
Rol e 3 consists of 50 C2.B5 calls, 10 C2.B9 calls,
30 C2.B3 calls, one C2.B2 call, and one C3.B2 call. The
first stepis to convert all of the button calls into nethod

calls by substituting the values for the calls from Table 5.

50 [A1 +B2+D3 +10[A1l+ A2+ A3+B2 +30]C2]
+1[C3] +1[B1+B2 =

50 A1 +50B.2+50D3+ 10A1+ 10 A2+ 10 A3 + 10 B.2
+30C2+C3+B1+B2-=
60 A1 + 10 A2 + 10 A3 +B.1 +61B.2+30C2+ C3+ 50

D.3 =

60 A1 + 10 A2 + 10 A3 +B.1+61[B.2+C1l +30C2+
C3+500D3 =

60 A1 + 10 A2 + 10 A3 +B.1 +61B.2+61C1+30C2+
C.3 +50D.3
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This leads to the follow ng values for R

R(A) = 60 [A 1 values for CPU + 10 [A. 2 value for CPU +
10 [A 3 value for CPU]

60 [5.6] + 10 [14.54] + 10 [3. 4]
515. 4

R( B) 1 [B.1 values for CPU + 61 [B.2 value for CPU]
1[8.9] + 61 [12.4]

765. 3

R(C) =61 [C 1 values for CPU + 30 [C. 2 value for CPU + 1
[C. 3 value for CPU]

61 [12.2] + 30 [14.1] + 1 [3.4]
1170. 6

R(D)

50 |[D.3 values for CPU
50 [ 18. 3]
915

There is only one italicized nethod call prior to

substitution, so there is only one network value to deal

wit h.

BITS[B,C = 61 [B.2 nessage in bits]
= 61 [40000]
= 2440000

The full LINGO nodel for Role 3 can be found in
Appendi x A | abel ed ADOAG6. 3. 1.
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V. CHAPTER 5

A EXERCI SI NG OF OPTI M ZATI ON MODELS

In order to better understand the final nodel used to
optimze the distributed, object-oriented system it 1is
valuable to follow the steps along the way. By expl aini ng
each addition to the original nodel one at a tinme, and then
showing the inpact of the addition to the outcone of the
optim zation, one gets a better understanding of each
refinement to the nodel. In the base nodel, we assune that
all nmethods in each server are called once in a given
period. This is a comon assunption used to depl oy servers
when the systens engineer doesn’t have prior know edge of
the usage of the object servers.

The solution for the optimal deploynent strategy for
the exanple given in the previous chapter is that al
servers would run on machine Z since machine Z is the
fastest and has available RAM to support all of these
servers. Qur initial nodel assunes that response tine
depends only on processor speed, although realistically the
transaction rate is also a significant factor. However, we
can inpose limts on the amount a RAM available to object

servers on a particul ar machine.
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1. RAM Li m ts Refinenment

There are many reasons why we mght want to inpose RAM
limts. The machines available for hosting these servers
may have other jobs. The RAMIimt in this way saves part
of the systens RAM to handl e these background jobs. Al so,
the processing speed of a nmachine can be significantly
affected when the RAM utilization approaches one hundred
percent and the system starts to rely heavily on virtual
menory. The following tables show the deploynents when
different percentages of a machine’s RAM are available to

obj ect servers.

Table 8. Model Output with 66% RAM utilization.

Machi ne Server
w None
X None
Y A
Z B,C D

Table9: Model Output with 50% RAM utilization.

Machi ne Server
W None
X B
Y A
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Table 10: Model Output with 40% RAM utilization.

Machi ne Server
W None
X A
Y D
Z B, C

Note that there is no viable solution to this problem
when the system is limted to 39 percent of the RAM
avai |l abl e. There seens to be sufficient assets avail able
but this isn't the case. The nodel does not allow running
part of a server on one machine and the rest on another. In
the nodel, a server is an atom c el enent and cannot be split
anong nachi nes.

2. Net wor k Speed

The above results were conputed with a nodel that

assuned that no conmunication was present between object

servers. However, this may not be the case. In sone
architectures, there wll be servers that are |oosely
related to other servers. In this case, the speed of the

network has a nore dramatic role on the deploynent strategy.

The interaction between client applications and servers is
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ignored since we are allowwing the client host to be
arbitrary. If the second nethod call in server B always
called the first nethod in server C, then the network speed
woul d beconme nuch nore of a factor. In this case, we keep
RAMlimt at fifty percent and adjust network speed from one
Mops to half of that speed. The follow ng tables show how

this refinenent changes the depl oynent pattern.

Table11l: Model Output with IMbps, 50% RAM utilization.

Machi ne Server
w None
X B
Y A
Z C D

Table 12: Modd Output with 0.5 Mbps, 50% RAM utilization.

Machi ne Server
W None
X A
Y D
Z B, C
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3. Usage Patterns

The last two scenarios optimzed the system for each
server and its nethods having equal transaction frequency.
However, this isn't very realistic usage for the object
servers and in sone cases it isn't even a possible usage
pattern. The user interfaces may not allow each nethod in
each server to be called an equal nunber of tines.

The following scenarios add roles to the |list of
profiles for the nodel to optim ze. These rol es have nore
realistic use patterns for the different jobs a user would
actually performon the system

For this exanple, we use the user interfaces and three
roles defined in the previous chapter. These three usage

patterns lead to three different depl oynent patterns as show

in Table 13.

Table 13: Model Outputswith Different User Roles.

Machi ne Role 1 Role 2 Role 3
w None None None
X B D A
Y A A D
Z C D B, C B, C
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4, Concurrent Users

Anot her adjustnent to the nodel is limting the |oad on

a CPU. Since usage patterns for a role are over a period of

time, we cannot allow the CPU to be overburdened. The nodel

works equally well if you were to conbine nultiple different

rol es. Wen we |Iimt CPU we get the followi ng tables of

depl oynent patterns. The RAM Iimt was set to 80 percent

and the bandw dth was set at 1Mops for these conputations.

Table 14: Model Outputswith Concurrent Role 1Users.

Machi ne Role 1 Role 1 Role 1
(1 user) (100 users) (119 users)
W None A A
X None None B
Y None B, C C
vA A B C D D D
Table 15: Mode Outputswith Concurrent Role 3 Users.
Machi ne Role 3 Role 3 Role 3
(1 user) (50 users) (75 users)
W None None B
X None None A
Y None A D D
YA A B C D B, C C
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B. CONCLUSI ONS

The nodel reacts in a logical fashion to the changes
that are placed on the environnent. At this point, it is
time to test the nodel against a real systemto validate the

nodel .
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VI. CHAPTER 6

A JAVA RM EXPERI MENTATI ON RESULTS

W tested the validity of the nodel presented in
Chapter 4 by experinental neasurenent. A testbed was
created wth Wndows 2000 nachines that match the
characteristics of the nmachines in the follow ng tables.
Servers were created wusing JDK 1.3 and RM as the
m ddl ewar e.

Software to sinulate the three different users was al so
created. The users were simulated wwth a random choice for
button selection that has a uniformdistribution simlar to
the roles. This sinmulation software was instrunented to
measure the actual tinme the software was bl ocked waiting for
an object server nethod call to response. Al 27 different
configurations were established and the average response
time for each configuration was neasured and recorded.
Bet ween each sinul ation, the testbed machi nes were reboot ed.

Al 27 configurations were tested tw ce. One tested

the configuration with the object servers using nuch |ess

than the stated nenory needs. Another tested the
configuration with the object servers using all of the
stated nenory needs. Some configurations strained the
machi nes nenory limts. These configurations resulted in
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system failures in the test with the object servers using
all of the stated nenory needs. These system failures are
listed as error in the tables of results. It should be
noted that Wndows 2000 did a much better job of swapping
when nenory wutilization exceeded 100% than a previously

tested operating system Wndows NIT.

1. Experinment Characteristics

The hardware was purchased for this experinment with the
following CPU clock rates and RAM Each machine had a
10/ 100Mops Ethernet <card installed. The machines were
connected via a Ethernet hub rated for 10/100Mops. The LED
indicators on the Ethernet hub verified the rate of 100Mps

data transfer rate.

Table 16: MachineProfilefor JAVA RMI Experiments.

MACH NE RAM (Dbi ts) CPU Speed (M)
SI'X 512, 000, 000 = 600
64NMB
BR733 1, 024, 000, 000 = 733
128MVB
G GA 1, 024, 000, 000 = 1000
128MB

Table 17: Network Speed Profilefor JAVA RMI Experiments.

Machine to SI X BR733 G GA
Machi ne Speed
(bps)
SI X 200, 000, 000 | 100, 000, 000 | 100, 000, 000
BR733 100, 000, 000 | 200, 000, 000 | 100, 000, 000
G GA 100, 000, 000 | 100, 000, 000 | 200, 000, 000
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Table 18: Object Server RAM Profilefor JAVA RMI Experiments.

SERVER RAM Required (bits)
A 352, 000, 000 = 44MB
B 480, 000, 000 = 60MB
C 528, 000, 000 = 66MB

Table19: Object Server Performance Profilefor JAVA RMI1 Experiments.

SERVER Met hod CPU time (s) Aver age Size
of Message
(b)
A 1 0.5796 112000
A 2 2.6203 18400
A 3 1.18175 44800
A 4 2.0264 176000
B 1 1. 76655 4000000
B 2 3. 70085 2720000
C 1 3.0043 320000
C 2 4.8040 4000000
C 3 0. 48815 400000

Table 20: Complex Object Server Profilefor JAVA RMI| Experiments.

Conpl ex Met hod

Exterior Calls

B.2

C1

Table 21: User Role Profilesfor JAVA RMI| Experiments.

ROLE CALL PATTERN (observation interval is 990
seconds)

Role 1 50 C1.B1 + 1 C1.B2 + 1 C2.B1 + 1 C2.B6

Role 2 10 C1.B1 + 40 C1.B2 + 24 C3.B2

Role 3 50 C2.B5 + 10 C2.B9 + 30 C2.B3 + 1 C2.B2 +
1 C3.B2

Table 22: Application Call Chart for JAVA RMI Experiments.

Butt on Met hods Cal | ed
Cl.B1 A1l

Cl. B2 A2 + B.1
C2.B1 C1l+C2

C2. B2 C. 3

C2. B3 C2

C2. B4 C. 3

C2. B5 Al + B2




C2.B6 B. 2
C2. B7 A 4
C2. B8 C.3 + A3
C2. B9 Al + A2+ A3+ B2
C3.B1 C1
C3. B2 B.1 + B.2
C3.B3 C2
Table 23: Expanded User Role Profilefor JAVA RMI Experiments.
ROLE Met hods Called in Role
Role 1 50 * (A1) +1* (A2+B1) +1* (C1+
C2 +1* (B2
Rol e 2 10 * (A1) +40 * (A2 +B.1) + 24 * (B.1 +
B. 2)
Rol e 3 50 * (A1 +B.2) +10* (A1l +A2+ A3+
B.2) + 30 * (C.2) + 1* (C3) +1*
(B.1 + B.2)
2. Speci ali zing the Objective Function for Role 1
Role 1 consists of 50 C1.B1 calls, one Cl1.B2 call, one
C2.B1 call, and one C2.B6 call. The first step is to
convert all of the button calls into method calls by

substituting the values for the calls from Tabl e 4.

50 [A1] + 1 [A2 +B1 +1[C1+C2 +1[B2] =

50 [A.1] + 1 [A2 +B1 +1[Cl1l+C2 +1[B2+C1] =
50 A1 +A2+B1+Cl+C2+B2+Cl1-=

50 Al +A2+B1+B2+2C1+C?2

This leads to the following values for the array R for

the optim zati on equati on.

R(A) = 50 [A 1 values for CPU + 1 [A 2 value for CPU
= 50 [579.6] + 1 [2620. 3]
= 31600. 3

R( B) 1 [B.1 values for CPU + 1 [B.2 value for CPU

1 [1766.55] + 1 [3700. 85]
5467. 4
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R(C) =2 [C 1 values for CPU + 1 [C. 2 value for CPU
= 2 [3004.3] + 1 [4804.0]
= 10812.6
There is only one italicized nethod call prior to

substitution, so there is only one network value to deal

Wi th.

BI TS[ B, C] 1 [B.2 nessage in bits]

320000

3. Specializing the Objective Function for Role 2
Using the sane approach as in 4.6.1, we get the

followi ng for Role 2:

R(A) = 110608
R(B) = 201879.6
R(C) = 72103.2
There is only one italicized nethod call prior to

substitution, so there is only one netwrk value to deal

wi th. However, it is called 24 tines.

BITS[B,C] = 24 [B.2 nessage in bits]
= 24 [320000]
= 7680000
4. Speci al i zing the Qbjective Function for Role 3
R (A) = 72796.5
R (B) = 227518. 4
R (C) = 327870. 45

BITS[ B, C] = 19520000

5. Model Qut puts
The optimzation nodel determines the followng
depl oynment strategies for the different roles when setting
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different RAM limts and keeping all other variables the
sane as in | ast exanpl e. Solving the optimzation
problem defined in previous section with the paraneter

val ues determ ned derives these results.

for the below results can be seen
nodel s are |listed as ADOA8.1 for
Role 2(1 user) and ADOA8.3 for
gives the results when RAM utilization was set

t he physi cal

RAM of the machi nes.

Rol e 1(1 user),
Role 3(1 user).

i n Appendi x A

at

The LI NGO nodel s

These

ADOAS. 2 for

Table 24

1.5 tines

Table 24: Model Outputs, 150% RAM util., JAVA RMI| Experiments.

Machi ne Role 1 Role 2 Rol e 3
(1 user) (1 user) (1 user)
SI X None None None
BR733 None None None
G GA A B C A B C A B C

Tabl e 25 used the sanme LI NGO nodel s as the above tabl e,

but with the RAM utilization set

RAM of the nmachi nes.

at 1.0 tinmes the physical

Table 25: Model Outputs, 100% RAM util., JAVA RMI Experiments.

Machi ne Role 1 Role 2 Role 3
(1 user) (1 user) (1 user)
Sl X None None None
BR733 B C A
G GA A C A B B, C

Table 26 used LINGO nodels that represented having
mul ti ple concurrent users exercising the object servers.

These nodels are listed in Appendix A as ADOA8. 1.28 for Role
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1 (28 users),

ADOAS8. 2. 4 for

Role 2 (4 users),

and ADOAS. 3. 3

for Role 3 (3 users). The RAM utilization was set at 1.0
times the physical RAM of the nachines.
Table 26: Model Outputs, Concurrent Users, JAVA RM| Experiments.
Machi ne Role 1 Role 2 Rol e 3
(28 users) (4 users) (3 users)
SIX None A A
BR733 B, C C B
G GA A B C

6. Role 1 M ni mal

Menory

The followng table is actua

t est

of

bed t hat

the given exanple.

All

neasured results from a
i npl emented servers with the characteristics

27 possible conbinations where

tested and the results are listed for the case when only one

user of

menory at significantly less than their

act ual

megabi ts.

type Role 1

menory use of

is present

the m ni nal

profil ed needs.

and the servers are using

The

menory tests was about 5

Table 27: Measured Rolel Min Memory Results, JAVA RMI| Experiments.

SERVER | SERVER | SERVER
PAT A B C ROLE 1 |CALLS[CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 976.331] 1000 930 19 27 24
2 GIGA GIGA BR733 899.344| 1000 952 15 12 21
3 GIGA BR733 GIGA 960.811] 1000 939 20 26 15
4 GIGA BR733 BR733 |1079.641] 1000 936 18 23 23
5 BR733 GIGA GIGA |1140.796/ 1000 938 22 22 18
6 BR733 GIGA BR733 |1218.875| 1000 939 21 23 17
7 BR733 BR733 GIGA ]1119.092| 1000 949 11 16 24
8 BR733 BR733 BR733 [1186.861] 1000 947 17 15 21
9 GIGA GIGA SIX 991.531] 1000 951 12 18 19
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10 GIGA SIX GIGA 878.782| 1000 954 19 13 14
11 GIGA SIX SIX 1157.765[ 1000 933 27 17 23
12 SIX GIGA GIGA 1274.376] 1000 945 22 22 11
13 SIX GIGA SIX 1402.687[ 1000 945 15 16 24
14 SIX SIX GIGA |1413.983| 1000 934 22 24 20
15 SIX SIX SIX 1642.232| 1000 950 14 14 22
16 | BR733 BR733 SIX 1197.423( 1000 953 14 16 17
17 | BR733 SIX BR733 |1306.374| 1000 937 20 24 19
18 | BR733 SIX SIX 1305.296[ 1000 945 17 23 15
19 SIX BR733 BR733 |1291.719| 1000 953 20 8 19
20 SIX BR733 SIX 1467.437[ 1000 941 21 19 19
21 SIX SIX BR733 [1441.421| 1000 943 14 23 20
22 GIGA BR733 SIX 1114.344{ 1000 937 23 22 18
23 GIGA SIX BR733 [1068.765[ 1000 944 11 29 16
24 | BR733 GIGA SIX 1246.361| 1000 941 19 16 24
25 | BR733 SIX GIGA |1304.703| 1000 925 22 30 23
26 SIX GIGA BR733 [1355.594 1000 944 20 21 15
27 SIX BR733 GIGA ]1306.687| 1000 945 19 18 18

The nodel s chose a configuration of pattern 1 when RAM
was set at 150% utilization and a configuration of pattern 3
when RAMwas limted to 100% utilization. Pattern 3 was the
third fastest average response tinme in this test. The fact
that pattern 10 was the fastest average response tinme in
this test run is a result of the wvariability of the
si mul ati on. Pattern 10 had 15 nore calls to Call 1 and 13
less calls to Call 3 than pattern 3 had in the test run.
Call 3 in this test had 16 tines the server |oad than Call
1. Since Pattern 3 is a provably superior deploynent than
Pattern 10, this variability in the sinulation of the user

is the only possible explanation.
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Pattern 1 was

t he

fourth

f ast est

on

this

run even

though it was the predicted configurati on when RAM usage was

set to 150% of physi cal

an i ssue since nenory usage was | ow,

the fact that just
calls to Cal
interesting from a software engi neering standpoi nt

f act

t hat

t he

like Pattern 3,

3 and a | ower

nodel

pr oposed

a

RAM i n the nodel.

Swappi ng was not

the explanation lies in

it had a higher

nunber of calls to Call 1.

configuration

nunber of

Mor e

was t he

t hat

out perfornmed nost configurations from 10 to 44 percent.

t est

of

7.

Rol e 1 Maxi mum Menory

The followng table is actua

bed t hat

the given exanple.

neasured results from a
i npl emented servers wth the characteristics

All 27 possible conbinations where

tested and the results are listed for the case when only one

user

menory at their

of

type Role 1

is present

profil ed needs.

and the servers are using

Table 28: Measured Rolel Max Memory Results, JAVA RMI Experiments.

SERVER | SERVER | SERVER

PAT A B C ROLE1 |CALLS [CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 977.343] 1000 949 13 20 18
2 GIGA GIGA BR733 942.984| 1000 957 12 13 18
3 GIGA BR733 GIGA 887.031] 1000 954 17 12 17
4 GIGA BR733 BR733 | 1041.391] 1000 956 11 16 17
5 BR733 GIGA GIGA 1144.672( 1000 942 22 21 15
6 BR733 GIGA BR733 | 1282.643| 1000 941 17 24 18
7 BR733 BR733 GIGA 1228.031| 1000 940 17 17 26
8 BR733 BR733 BR733 | 1409.515| 1000 947 20 15 18
9 GIGA GIGA SIX 1039.298| 1000 947 24 13 16
10 GIGA SIX GIGA 962.609] 1000 949 21 16 14
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11 GIGA SIX SIX error]  N/A N/A N/A N/A N/A
12 SIX GIGA GIGA | 1348.828| 1000 952 17 17 14
13 SIX GIGA SIX errorf  N/A N/A N/A N/A N/A
14 SIX SIX GIGA errorf  N/A N/A N/A N/A N/A
15 SIX SIX SIX error]  N/A N/A N/A N/A N/A
16 | BR733 BR733 SIX 1262.703[ 1000 960 14 12 14
17 | BR733 SIX BR733 | 1439.251] 1000 935 18 18 29
18 | BR733 SIX SIX errorf  N/A N/A N/A N/A N/A
19 SIX BR733 BR733 | 1535.657] 1000 942 23 14 21
20 SIX BR733 SIX error]  N/A N/A N/A N/A N/A
21 SIX SIX BR733 error]  N/A N/A N/A N/A N/A
22 GIGA BR733 SIX 982.687| 1000 956 16 11 17
23 GIGA SIX BR733 | 1131.969] 1000 949 18 15 18
24 | BR733 GIGA SIX 1311.905/ 1000 941 19 21 19
25 | BR733 SIX GIGA 1189.655[ 1000 942 18 19 21
26 SIX GIGA BR733 | 1390.297| 1000 948 16 19 17
27 SIX BR733 GIGA | 1344.611] 1000 949 21 17 13

The nodel s chose a configuration of pattern 1 when RAM
was set at 150%utilization and a configuration of pattern 3

when RAMwas |limted to 100% utilizati on. Pattern 3 was the

fastest average response tinme in the stated nenory run.

Pattern 1 was the fourth fastest on this run even though it
was the predicted configuration when RAM usage was set to

150% of physical RAMin the nodel. Mre interesting froma

sof tware engi neering standpoint was the fact that the nodel

pr oposed a configuration t hat out per f or med nost

configurations from 10 to 44 percent and that the

recommended patterns were free fromfail ures.
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8. Role 2 M nimal Menory

The followng table is actual neasured results from a
test bed that inplenented servers with the characteristics
of the given exanple. All 27 possible conbinations where
tested and the results are listed for the case when only one
user of type Role 2 is present and the servers are using

menory at significantly less than their profiled needs.

Table 29: Measured Role2 Min Memory Results, JAVA RMI| Experiments.

PAT |SERVER A|SERVER B[SERVER C| ROLE 2 | CALLS | CALL 1| CALL 2 [CALL 3
1 GIGA GIGA GIGA 5150.362| 1000 145 532 323
2 GIGA GIGA BR733 5530.329| 1000 132 586 282
3 GIGA BR733 GIGA 6417.171] 1000 123 547 330
4 GIGA BR733 BR733 6686.376] 1000 129 551 320
5 BR733 GIGA GIGA 5953.015] 1000 129 554 317
6 BR733 GIGA BR733 6233.064| 1000 140 542 318
7 BR733 BR733 GIGA 6877.968| 1000 129 554 317
8 BR733 BR733 BR733 7238.876| 1000 143 523 334
9 GIGA GIGA SIX 5958.547| 1000 146 536 318
10 GIGA SIX GIGA 7176.861] 1000 124 549 327
11 GIGA SIX SIX 7852.795| 1000 126 543 331
12 SIX GIGA GIGA 6375.549| 1000 139 524 337
13 SIX GIGA SIX 6969.187| 1000 138 549 313
14 SIX SIX GIGA 8211.857| 1000 128 533 339
15 SIX SIX SIX 8644.362| 1000 133 551 316
16 BR733 BR733 SIX 7342.092| 1000 133 569 298
17 BR733 SIX BR733 7862.331] 1000 133 565 302
18 BR733 SIX SIX 8514.078| 1000 113 548 339
19 SIX BR733 BR733 7601.829| 1000 136 550 314
20 SIX BR733 SIX 8033.173| 1000 120 559 321
21 SIX SIX BR733 8222.031] 1000 148 552 300
22 GIGA BR733 SIX 6987.719| 1000 120 563 317
23 GIGA SIX BR733 7423.048| 1000 139 535 326
24 BR733 GIGA SIX 6515.812| 1000 152 518 330
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25 BR733 SIX GIGA 7783.171] 1000 129 524 347
26 SIX GIGA BR733 6752.499| 1000 139 527 334
27 SIX BR733 GIGA 7380.828| 1000 137 519 344

The nodel predicted a configuration of pattern 1 when
RAM was set at 150% utilization and a configuration of
pattern 2 when RAMwas limted to 100% utilization. 1In this
run, the nodel predicted configuration of pattern 2 was the
second fastest average response tine. Pattern 1 was the
fastest average response in this run, which is the predicted
configurati on when RAM usage i s 150% of physical RAM Since
swapping was not an issue in this test run, the nodel
correctly predicted the right configuration. Agai n, the
configuration chosen by the nodel out performed nost
configurations from10 to 38 percent.

9. Rol e 2 Maxi num Menory

The following table is actual neasured results from a
test bed that inplenmented servers with the characteristics
of the given exanple. Al'l 27 possible conbinations where
tested and the results are listed for the case when only one
user of type Role 2 is present and the servers are using

menory at their profiled needs.

Table30: Measured Role2 Max Memory Results, JAVA RM| Experiments.

PAT |SERVER A|SERVER B|SERVER C| ROLE 2 | CALLS | CALL 1| CALL 2 |CALL 3
1 GIGA GIGA GIGA 5120.184| 1000 154 523 323
2 GIGA GIGA BR733 | 5580.438| 1000 155 541 304
3 GIGA BR733 GIGA 6349.859| 1000 129 553 318
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4 GIGA BR733 BR733 | 6696.141] 1000 128 553 319
5 BR733 GIGA GIGA 5874.642| 1000 150 533 317
6 BR733 GIGA BR733 | 6204.922| 1000 134 568 298
7 BR733 BR733 GIGA 6838.001] 1000 143 534 323
8 BR733 BR733 BR733 | 7215.576] 1000 140 541 319
9 GIGA GIGA SIX 5916.187] 1000 148 541 311
10 GIGA SIX GIGA 7288.954| 1000 132 519 349
11 GIGA SIX SIX errorf  N/A N/A N/A N/A
12 SIX GIGA GIGA 6424.484| 1000 135 528 337
13 SIX GIGA SIX error]  N/A N/A N/A N/A
14 SIX SIX GIGA error]  N/A N/A N/A N/A
15 SIX SIX SIX errorf  N/A N/A N/A N/A
16 BR733 BR733 SIX 7322.595| 1000 146 557 297
17 BR733 SIX BR733 | 8148.969| 1000 112 563 325
18 BR733 SIX SIX error]  N/A N/A N/A N/A
19 SIX BR733 BR733 | 7742.921] 1000 120 559 321
20 SIX BR733 SIX errorf  N/A N/A N/A N/A
21 SIX SIX BR733 errorf  N/A N/A N/A N/A
22 GIGA BR733 SIX 6967.624| 1000 133 546 321
23 GIGA SIX BR733 | 7343.782| 1000 145 537 318
24 BR733 GIGA SIX 6613.031] 1000 128 547 325
25 BR733 SIX GIGA 7548.561| 1000 150 524 326
26 SIX GIGA BR733 | 6772.453| 1000 135 534 331
27 SIX BR733 GIGA 7457.968| 1000 125 532 343

The nodel predicted a configuration of pattern 1 when
RAM was set at 150% utilization and a configuration of
pattern 2 when RAMwas limted to 100% utilization. In this
run, the nodel predicted configuration of pattern 2 was the
second fastest average response tine. Pattern 1 was the
fastest average response in this run, which is the predicted
configuration when RAM usage is 150% of physical RAM

Again, the configuration chosen by the nodel outperforned
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nmost configurations

from 10

to 38 percent

recommended patterns were free fromfailures.

10.

Role 3 M ni mal

Menory

The followng table is actua

test bed that

of the given exanple.

and

t hat

t he

measured results from a

i npl emented servers with the characteristics

All 27 possible conbinations where

tested and the results are listed for the case when only one

user of type Role 3

menory at significantly less than their

is present

profil ed needs.

and the servers are using

Table 31: Measured Role3 Min Memory Results, JAVA RMI| Experiments.

SERVER | SERVER | SERVER

PAT A B C ROLE 3 |CALLS|CALL 1|CALL 2|CALL 3|CALL 4|CALL S5
1 GIGA GIGA GIGA 6741.948| 1000 525 109 338 16 12
2 GIGA GIGA BR733 | 8266.516] 1000 533 116 336 8 7
3 GIGA BR733 GIGA 7802.172| 1000 552 97 324 11 16
4 GIGA BR733 BR733 | 9124.938 1000 537 118 327 12 6
5 BR733 GIGA GIGA 7413.343| 1000 521 137 323 9 10
6 BR733 GIGA BR733 | 8508.343] 1000 542 108 335 8 7
7 BR733 BR733 GIGA 8142.719| 1000 530 117 334 9 10
8 BR733 BR733 BR733 | 9428.658 1000 559 108 309 13 11
9 GIGA GIGA SIX 9259.221 1000 527 108 340 11 14
10| GIGA SIX GIGA 8627.407| 1000 540 117 321 9 13
11 GIGA SIX SIX 10712.98[ 1000 544 86 349 11 10
12 SIX GIGA GIGA 7332.718| 1000 534 101 347 13 5
13 SIX GIGA SIX 9838.221] 1000 514 119 342 12 13
14 SIX SIX GIGA 8972.002| 1000 567 88 324 9 12
15 SIX SIX SIX 12131.09] 1000 542 110 320 12 16
16 | BR733 BR733 SIX 10387.13[ 1000 536 113 331 14 6
17 | BR733 SIX BR733 | 10360.99 1000 570 120 284 11 15
18 | BR733 SIX SIX 11067.39[ 1000 541 104 326 17 12
19 SIX BR733 BR733 | 9591.424| 1000 518 113 349 8 12
20 SIX BR733 SIX 10590.13[ 1000 539 106 325 18 12
21 SIX SIX BR733 | 10185.45 1000 537 97 343 12 11
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22 | GIGA BR733 SIX 10259.39| 1000 575 120 287 13 5

23 GIGA SIX BR733 | 9834.875 1000 554 116 304 19 7
24 | BR733 GIGA SIX 9563.001] 1000 537 114 328 12 9
25 | BR733 SIX GIGA 8743.235( 1000 526 110 340 12 12
26 SIX GIGA BR733 | 8625.439 1000 548 93 340 10 9

27 SIX BR733 GIGA 8259.047| 1000 551 98 321 16 14

The nodel s predicted a configuration of pattern 1 when
RAM was set at 150% utilization and a configuration of
pattern 5 when RAMwas limted to 100% utilization. In this
run, the nodel predicted configuration of pattern 5 was the
third fastest average response tine. Pattern 1, the fastest
average response tinme in this run, was the predicted
configuration when RAM usage was set to 150% of physical
RAM The fact that pattern 12 was the second fastest tine
in this test run is a result of the variability of the
simul ati on. Pattern 12 is a provably inferior deploynment
than pattern 5. Pattern 5 had 36 nore calls to Call 2 and
24 less calls to Call 3 than pattern 12 had in the test run.
Call 2 has nore than twice the server load than Call 3.
Agai n, the nodel proposed configuration outperfornmed nost
configurations from 10 to 44 percent.

11. Role 3 Maxi mum Menory

The following table is actual neasured results from a
test bed that inplenmented servers with the characteristics
of the given exanple. Al 27 possible conbinations where

tested and the results are listed for the case when only one
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user

menory at their

of

type Role 3

IS present

profil ed needs.

and the servers are using

Table 32: Measured Role3 Max Memory Results, JAVA RMI Experiments.

SERVER | SERVER | SERVER
PAT A B C ROLE 3 |CALLS|CALL 1|CALL 2[CALL 3|CALL 4|CALL 5
1| GIGA GIGA GIGA | 6776.846| 1000 | 532 | 115 | 325 19 9
2 | GIGA GIGA BR733 | 8213.157| 1000 | 550 98 327 10 15
3 | GIGA BR733 GIGA | 7900.562| 1000 | 554 | 112 | 312 11 11
4 | GIGA BR733 | BR733 | 9217.953| 1000 | 553 | 123 | 301 14 9
5 | BR733 GIGA GIGA | 7267.639| 1000 | 574 | 100 | 308 9 9
6 | BR733 GIGA BR733 | 8519.844| 1000 | 542 | 105 | 327 9 17
7 | BR733 | BR733 GIGA | 8232.064| 1000 | 528 | 130 | 325 11 6
8 | BR733 | BR733 | BR733 | 9373.861| 1000 | 540 | 107 | 332 11 10
9 | GIGA GIGA SIX 9463.079| 1000 | 508 | 149 | 321 9 13
10 | GIGA SIX GIGA | 8532.983| 1000 | 535 | 111 | 329 13 12
11 | GIGA SIX SIX errorl N/A | N/A | NJA | N/A | NA | NA
12 SIX GIGA GIGA | 7346.219| 1000 | 503 | 111 | 352 20 14
13 SIX GIGA SIX errorff N/A | N/A | NJ/A | NJA | NJA | NA
14 SIX SIX GIGA errorl N/A | N/A | NJA | NJ/A | NJA | NA
15 SIX SIX SIX errofl N/A | N/A | NJA | N/A | NJA | NA
16 | BR733 | BR733 SIX  [10529.611] 1000 | 532 | 129 | 313 15 11
17 | BR733 SIX BR733 |10123.563| 1000 | 529 | 120 | 331 13 7
18 | BR733 SIX SIX errorf N/A | N/A | N/A | NJA | NA | NA
19 SIX BR733 | BR733 | 9770.578| 1000 | 528 | 132 | 314 15 11
20 SIX BR733 SIX errorl N/A | N/A | NJA | N/A | NJA | NIA
21 SIX SIX BR733 errol N/A | N/A | NJA | NJA | NJA | NIA
22 | GIGA BR733 SIX  |10193.641| 1000 | 534 | 122 | 326 11 7
23 | GIGA SIX BR733 | 9804.983| 1000 | 557 91 330 5 17
24 | BR733 GIGA SIX 9617.297| 1000 | 516 | 129 | 330 15 10
25 | BR733 SIX GIGA | 8865.811| 1000 | 527 | 118 | 332 9 14
26 SIX GIGA BR733 | 8860.094/ 1000 | 544 | 118 | 323 6 9
27 SIX BR733 GIGA | 8328.064] 1000 | 548 | 104 | 323 12 13

The nodel predicted a configuration of pattern 1 when

RAM was set

at

150% utilization and a configuration of

pattern 5 when RAMwas limted to 100% utilization.
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run, the nodel predicted configuration of pattern 5 was the
second fastest average response tine. Pattern 1, the fastest
average response tinme in this run, was the predicted
configuration when RAM usage was set to 150% of physical
RAM Agai n, the nodel proposed configuration outperforned
nmost configurations from 10 to 44 percent and that the
recommended patterns were free fromfailures.

12. Four Concurrent Role 2 Users M nimal Menory

The followng table is actual neasured results from a
test bed that inplenented servers with the characteristics
of the given exanple. All 27 possible conbinations where
tested and the results are listed for the case when four
concurrent users of type Role 2 are present and the servers
are using nenory at significantly less than their profiled
needs. More detailed information on each individual user is

avail able in the appendi x.

Table 33: Measured 4 Role2 UsersMin Mem, JAVA RMI| Experiment.

PATTERN| SERVER A |SERVER B|SERVER C| AVERAGE
1 GIGA GIGA GIGA 14603.393
2 GIGA GIGA BR733 11746.102
3 GIGA BR733 GIGA 11711.421
4 GIGA BR733 BR733 14333.221
5 BR733 GIGA GIGA 11335.303
6 BR733 GIGA BR733 11666.615
7 BR733 BR733 GIGA 17066.677
8 BR733 BR733 BR733 21134.671
9 GIGA GIGA SIX 12355.078
10 GIGA SIX GIGA 14302.569
11 GIGA SIX SIX 18378.255
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12 SIX GIGA GIGA 12035.296
13 SIX GIGA SIX 13884.880
14 SIX SIX GIGA 20878.541
15 SIX SIX SIX 28119.431
16 BR733 BR733 SIX 17406.758
17 BR733 SIX BR733 15659.077
18 BR733 SIX SIX 19011.373
19 SIX BR733 BR733 15652.578
20 SIX BR733 SIX 15407.319
21 SIX SIX BR733 22150.555
22 GIGA BR733 SIX 11524.385
23 GIGA SIX BR733 13739.013
24 BR733 GIGA SIX 10201.602
25 BR733 SIX GIGA 14089.308
26 SIX GIGA BR733 10544.218
27 SIX BR733 GIGA 12569.524

The nodel predicted a configuration of pattern 26 when
RAMwas limted to 100% utilization. 1In this run, the nodel
predi cted configuration of pattern 26 was the second fastest
average response tine. Pattern 24, the fastest average
response tinme in this run, was the result of variability in
the sinulation of users. Both of these patterns have the
servers spread across all machines and Server B |ocated on
the fastest processor available since Role 2 is a heavy user
of Server B. The predicted pattern outperforned nost of the
ot her patterns by 10 to 100 percent.

13. Four Concurrent Role 2 Users Maxi num Menory

The following table is actual neasured results from a
test bed that inplenmented servers with the characteristics

of the given exanple. Al'l 27 possible conbinations where
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tested and the results are listed for the case when four
concurrent users of type Role 2 are present and the servers
are using nenory at their profiled needs. More detail ed
information on each individual wuser is available in the

appendi Xx.

Table 34: Measured 4 Role2 UsersMax Mem, JAVA RMI Experiment.

PATTERN| SERVER A |SERVER B|SERVER C|AVERAGE
1 GIGA GIGA GIGA 14927.946
2 GIGA GIGA BR733 11927.037
3 GIGA BR733 GIGA 11834.462
4 GIGA BR733 BR733 14640.246
5 BR733 GIGA GIGA 11270.985
6 BR733 GIGA BR733 11347.985
7 BR733 BR733 GIGA 16819.333
8 BR733 BR733 BR733 21089.873
9 GIGA GIGA SIX 12299.154
10 GIGA SIX GIGA 14122.558
11 GIGA SIX SIX ERROR
12 SIX GIGA GIGA 11818.231
13 SIX GIGA SIX ERROR
14 SIX SIX GIGA ERROR
15 SIX SIX SIX ERROR
16 BR733 BR733 SIX 17629.400
17 BR733 SIX BR733 15442.842
18 BR733 SIX SIX ERROR
19 SIX BR733 BR733 15503.059
20 SIX BR733 SIX ERROR
21 SIX SIX BR733 ERROR
22 GIGA BR733 SIX 11484.678
23 GIGA SIX BR733 14197.207
24 BR733 GIGA SIX 10200.213
25 BR733 SIX GIGA 14054.867
26 SIX GIGA BR733 10697.057
27 SIX BR733 GIGA 12373.780
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The nodel predicted a configuration of pattern 26 when
RAMwas Iimted to 100% utilization. |In this run, the nodel
predi cted configuration of pattern 26 was the second fastest
average response tine. Pattern 24, the fastest average
response time in this run, was the result of variability in
the sinulation of users. Both of these patterns have the
servers spread across all machines and Server B |ocated on
the fastest processor available since Role 2 is a heavy user
of Server B. The predicted pattern outperfornmed nost of the
ot her patterns by 10 to 100 percent and successfully avoi ded
patterns that |lead to systemerrors.

14. Three Concurrent Role 3 Users M ninmal Menory

The followng table is actual neasured results from a
test bed that inplenented servers with the characteristics
of the given exanple. All 27 possible conbinations where
tested and the results are listed for the case when three
concurrent users of type Role 3 are present and the servers
are using nenory at significantly less than their profiled
needs. More detailed information on each individual user is

avai l able in the appendi x.

Table35: Measured 3 Role3UsersMin Mem, JAVA RMI Experiment.

PATTERN| SERVER A |SERVER B |SERVER C|AVERAGE
1 GIGA GIGA GIGA 15978.641
2 GIGA GIGA BR733 13925.953
3 GIGA BR733 GIGA 13066.211
4 GIGA BR733 BR733 20415.474
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5 BR733 GIGA GIGA 14614.580
6 BR733 GIGA BR733 15729.781
7 BR733 BR733 GIGA 13616.035
8 BR733 BR733 BR733 23320.024
9 GIGA GIGA SIX 16637.454
10 GIGA SIX GIGA 14247.811
11 GIGA SIX SIX 25796.666
12 SIX GIGA GIGA 14553.052
13 SIX GIGA SIX 19029.670
14 SIX SIX GIGA 15860.547
15 SIX SIX SIX 30349.109
16 BR733 BR733 SIX 18143.637
17 BR733 SIX BR733 17679.588
18 BR733 SIX SIX 25890.508
19 SIX BR733 BR733 20733.072
20 SIX BR733 SIX 19881.596
21 SIX SIX BR733 18053.782
22 GIGA BR733 SIX 16933.835
23 GIGA SIX BR733 15992.606
24 BR733 GIGA SIX 16031.549
25 BR733 SIX GIGA 13661.996
26 SIX GIGA BR733 13839.297
27 SIX BR733 GIGA 12488.024

The nodel predicted a configuration of pattern 27 when
RAMwas limted to 100% utilization. In this run, the nodel
predicted configuration of pattern 27 was the fastest
average response tinmne. The predicted pattern outperforned
nost of the other patterns by 10 to 150 percent.

15. Three Concurrent Role 3 Users Maxi mum Menory

The following table is actual neasured results from a
test bed that inplenented servers with the characteristics
of the given exanple. Al'l 27 possible conbinations where

tested and the results are listed for the case when three
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concurrent users of type Role 3 are present and the servers
are using nenory at their profiled needs. More detail ed
information on each individual user is available in the

appendi Xx.

Table 36: Measured 3 Role3 UsersMax Mem, JAVA RMI Experiment.

PATTERN| SERVER A |SERVER B |SERVER C|AVERAGE
1 GIGA GIGA GIGA ERROR
2 GIGA GIGA BR733 14105.719
3 GIGA BR733 GIGA 13317.196
4 GIGA BR733 BR733 20540.183
5 BR733 GIGA GIGA 14471.595
6 BR733 GIGA BR733 15387.582
7 BR733 BR733 GIGA 13482.313
8 BR733 BR733 BR733 ERROR
9 GIGA GIGA SIX 16615.449
10 GIGA SIX GIGA 14480.759
11 GIGA SIX SIX ERROR
12 SIX GIGA GIGA 14450.947
13 SIX GIGA SIX ERROR
14 SIX SIX GIGA ERROR
15 SIX SIX SIX ERROR
16 BR733 BR733 SIX 17953.958
17 BR733 SIX BR733 17636.885
18 BR733 SIX SIX ERROR
19 SIX BR733 BR733 20719.032
20 SIX BR733 SIX ERROR
21 SIX SIX BR733 ERROR
22 GIGA BR733 SIX 16896.695
23 GIGA SIX BR733 15828.615
24 BR733 GIGA SIX 16190.401
25 BR733 SIX GIGA 13688.695
26 SIX GIGA BR733 13690.884
27 SIX BR733 GIGA 12481.280

The nodel predicted a configuration of pattern 27 when

RAMwas limted to 100% utilizati on. In this run, the nodel
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predicted configuration of pattern 27 was the fastest
average response tine. The predicted pattern outperforned
most of the other patterns by 10 to 60 percent and
successful ly avoided patterns that |lead to systemerrors.

16. Twenty Eight Concurrent Role 1 Users Mnima
Menory

The followng table is actual neasured results from a
test bed that inplenented servers with the characteristics
of the given exanple. The 13 nost relevant conbinations
where tested and the results are listed for the case when
twenty eight concurrent users of type Role 1 are present and
the servers are using nenory at significantly less than

their profiled needs.

Table37: Measured 28 Role 1 UsersMin Mem, JAVA RMI Experiment.

PATTERN| SERVER A |SERVER B |SERVER C|AVERAGE
1 GIGA GIGA GIGA 9307.177
2 GIGA GIGA BR733 4964.728
3 GIGA BR733 GIGA 4333.767
4 GIGA BR733 BR733 3789.347
5 BR733 GIGA GIGA 7005.968
6 BR733 GIGA BR733 14435.578
7 BR733 BR733 GIGA 10810.608
22 GIGA BR733 SIX 3548.850
23 GIGA SIX BR733 3014.110
24 BR733 GIGA SIX 7413.570
25 BR733 SIX GIGA 6807.109
26 SIX GIGA BR733 11117.019
27 SIX BR733 GIGA 12042.323

The nodel predicted that pattern 4 would be the optina

deploynment. 1In the experinental test bed, pattern 4 had the
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third | owest average response tine. Pattern 23 and pattern
22 both outperforned pattern 4 in the test bed. It is
interesting to note that these three patterns are the only
patterns that had Server A assigned to the fastest nachine,
G GA with no other servers assigned to that nachine. The
load on Server A is so nuch higher than the |oads on the
other servers that the differences in the three depl oynents
is well below the fidelity of the nodel.

17. Five Concurrent Role 3 Users M nimal Menory

The followng table is actual neasured results from a
test bed that inplenented servers with the characteristics
of the given exanple. The 13 nost relevant conbinations
where tested and the results are listed for the case when
five concurrent users of type Role 3 are present and the
servers are using nenory at significantly less than their
profiled needs. More detailed information on each

i ndi vidual user is available in the appendi x.

Table 38: Measured 5 Role3 UsersMin Mem, JAVA RMI| Experiment.

PATTERN| SERVER A |SERVER B |SERVER C|AVERAGE
1 GIGA GIGA GIGA 29292.842
2 GIGA GIGA BR733 21508.580
3 GIGA BR733 GIGA 20086.958
4 GIGA BR733 BR733 | 36014.683
5 BR733 GIGA GIGA 25289.885
6 BR733 GIGA BR733 25185.096
7 BR733 BR733 GIGA 20293.638
22 GIGA BR733 SIX 26617.734
23 GIGA SIX BR733 23814.951
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24 BR733 GIGA SIX 25853.817

25 BR733 SIX GIGA |20167.128

26 SIX GIGA BR733 | 21026.894

27 SIX BR733 GIGA | 18015.532
The results of this test are quite interesting. The
system was at saturation when there were just three
concurrent users. Two nore concurrent users of the sane

usage pattern were added to the load to see how the system

responded and to see if there was any significance that

could be determned from the test results. It is

interesting to note that pattern 27 continued to be the best
when nore users of the sane type were added beyond what the
system coul d theoretically handle.

18. Two Concurrent Role 3 Users Mniml Menory

The followng table is actual neasured results from a

test bed that inplenented servers with the characteristics

of the given exanple. The 13 nost relevant conbinations

where tested and the results are listed for the case when

two concurrent users of type Role 3 are present and the

servers are using nenory at significantly less than their

profiled needs. More detailed information on each
i ndividual user is available in the appendi x. The nodel,
ADOA8. 3.2, predicts that at 100 percent RAM utilization,

that pattern 3 will be optimal.
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Table39: Measured 2 Role3 UsersMin Mem, JAVA RMI| Experiment.

PATTERN| SERVER A |SERVER B |SERVER C|AVERAGE
1 GIGA GIGA GIGA 10681.153
2 GIGA GIGA BR733 10746.357
3 GIGA BR733 GIGA 10078.811
4 GIGA BR733 BR733 13987.569
5 BR733 GIGA GIGA 10255.211
6 BR733 GIGA BR733 11559.820
7 BR733 BR733 GIGA 10554.952
22 GIGA BR733 SIX 13197.936
23 GIGA SIX BR733 12331.096
24 BR733 GIGA SIX 12367.663
25 BR733 SIX GIGA 11114.565
26 SIX GIGA BR733 10724.390
27 SIX BR733 GIGA 10272.231

The results of the test run do in fact show that
pattern 3 does have the fastest average response tine. It
is as nmuch as 25 percent better than other possible

depl oynments that were tested.

B. CONCLUSI ONS

The results of the JAVA RM experinentations lead to
sone very interesting results. The predictions nmade by the
nodel were very accurate, |eading to good choices for server
depl oynent. However, nore striking conclusions are drawn
from |l ooking at groups of experinents.

1. Schedul ed Re-Depl oynents

Al though the nodel does a good job of predicting
performance for a single point, the true strength of this

approach is chaining these points together. By taking
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advant age of changes to the system at
time, we can do better

server

pl acenent .

Table 40: Shift Changes.

predi ctable points in

than any single statically assigned

PAT|SERV A |SERVB|SERVC |[ROLE1|ROLE 2|ROLE 3| R2 (4) R3 (3) | R1(28)
2 GIGA GIGA | BR733 | 899.34| 5530.33| 8266.52| 11746.10| 13925.95| 4964.73
3 GIGA | BR733 | GIGA 960.81) 6417.17| 7802.17) 11711.42| 13066.21] 4333.77
4 | GIGA | BR733 | BR733 | 1079.64| 6686.38| 9124.94| 14333.22| 20415.47] 3789.35
5 | BR733 | GIGA GIGA | 1140.80] 5953.02| 7413.34| 11335.30] 14614.58| 7005.97
26 SIX GIGA | BR733 | 1355.59| 6752.50] 8625.44| 10544.22| 13839.30] 11117.11
27 SIX BR733 | GIGA |1306.69 7380.83| 8259.05| 12569.52| 12488.02| 12042.34

If we assune that we have a shift schedul e

foll owi ng six unique manning requirenments over

of

depl oynents to coincide with the shift

ar eas

in

t he schedul e,

Tabl e

then we can

40

recommended by the nodel .

act ual

listed

We are only interested in the six depl oynent

depl oynent

j ust

one of

for

in Table 40.

system engi neer

our

system
t he depl oynent

woul d be

| f

i ndi cat e

t he

initiate object

that has the

the duration

server re-
changes. The shaded
depl oynment pattern

The nunbers in the natrix are the

we

wer e

to

nmeasured val ues for these depl oynents.

patterns

institute a static

then we would be forced to pick

mtigated a worst-case scenario.

di fferent

However ,

since we have

manni ng schedul es,
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this capability. By allowing the system to adjust the
|ocation of its object servers at shift changes, we gain
substantial inprovenents to the system

By conparing the nodels recommended depl oynent pattern

versus the other six deploynent patterns in Table 40, we can

quantify this inprovenent. By dividing the nodel predicted

patterns neasured performance by the neasured perfornance of

the other patterns in the sane colum, we get the

performance inprovenent for each shift. Table 41 bel ow

contai ns these val ues.

Table41: Shift improvements.

PAT|SERV A|SERV B |SERV C |[ROLE 1|ROLE 2|ROLE 3| R2 (4) R3(3) | R1(28)
2 | GIGA | GIGA | BR733 -7% 0% 10% 10% 10% 24%
3 | GIGA | BR733 | GIGA 0% 14% 5% 10% 4% 13%
4 | GIGA | BR733 | BR733 11% 17% 18% 26% 39% 0%
5 | BR733 | GIGA GIGA 16% 7% 0% 7% 15% 46%
26 SIX GIGA | BR733 29% 18% 14% 0% 10% 66%
27 SIX BR733 | GIGA 26% 25% 10% 16% 0% 68%

Interesting to note is that we are only conparing

depl oynment patterns that are of high probability of actually

bei ng used.
val ue,
i mprovenent .

known manni ng schedul es that

al |

Only one entry

ot her

Clearly from Table 41,

t hi s approach.

entries have a substanti al
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2. Saturation Testing

Anot her interesting observation can be ascertained by
viewing all of the tests involving Role 3 users. Tests were
conducted with 1, 2, 3 and 5 concurrent Role 3 users even

though the nobdel was at saturation point wth three

concurrent Role 3 users.

Table42: Saturation Testing.

SERV |SERV |SERV
PAT| A B C |1 User|2 Users|3 Users|5 Users
3 | GIGA |BR733| GIGA | 7802.2|10078.8({13066.2|20086.9
5 |[BR733| GIGA | GIGA | 7413.3|10255.2(14614.5|25289.8
27 | SIX |BR733| GIGA | 8259.1|10272.2(12488.0|18015.5

Agai n, the shaded area indicates the depl oynent pattern
predi cted by the nodel. At saturation point, and additional
load of a simlar pattern does not change the deploynent
pattern. The quantified inprovenents in performance results

are expressed in the values in Table 43.

Table 43: Quantified Improvements, saturation testing.

SERV |SERV |SERV 2 3 5

PAT| A B C 1 User|Users | Users | Users
3 | GIGA |BR733| GIGA 5% 0% 4%| 10%
5 |[BR733| GIGA | GIGA 0% 2%|  14%| 29%
27 | SIX [BR733| GIGA 10% 2% 0% 0%
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VIl. CHAPTER 7

A JAVA CORBA EXPERI MENTATI ON RESULTS

W tested the validity of the nodel presented in
Chapter 4 by experinental neasurenent a second tine with a
di fferent m ddl eware. A testbed was created wth Wndows
2000 machines that match the characteristics of the machines
inthe follow ng tables. Servers were created using JDK 1.3
and CORBA as the mddleware. A commerci al CORBA
i npl ementation, Visibroker 4.5.1, was used in this testbed.

Software to sinulate the three different users was al so
created. The users were simulated wwth a random choice for
button selection that has a uniformdistribution simlar to
the roles. This sinmulation software was instrunented to
measure the actual tinme the software was bl ocked waiting for
an object server nethod call to response. Al 27 different
configurations were established and the average response
time for each configuration was neasured and recorded.
Bet ween each sinul ation, the testbed machi nes were reboot ed.

Al 27 configurations were tested tw ce. One tested

the configuration with the object servers using nuch |ess

than the stated nenory needs. Another tested the
configuration with the object servers using all of the
stated nenory needs. Some configurations strained the
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machi nes nenory limts. These configurations resulted in

system failures in the test with the object servers using

all of the stated nenory needs. These system failures are
listed as error in the tables of results. It should be
noted that Wndows 2000 did a much better job of swapping

when nenory wutilization exceeded 100% than a previously

tested operating system Wndows NIT.

1. Experinment Characteristics
The hardware was purchased for this experinment with the

following CPU clock rates and RAM Each machine had a

10/ 100Mops Ethernet <card installed. The machines were

connected via a Ethernet hub rated for 10/100Mops. The LED

i ndicators on the Ethernet hub verified the rate of 100Mps

data transfer rate.

Table44: MachineProfile, JAVA CORBA Experiments.

MACH NE RAM (Dbi t s) CPU Speed (Mz)
SI'X 512, 000, 000 = 600
64NMB
BR733 1, 024, 000, 000 = 733
128MVB
G GA 1, 024, 000, 000 = 1000
128MB

Table 45: Network Speed Profile, JAVA CORBA Experiments.

Machine to SI X BR733 G GA
Machi ne Speed
(bps)
SI X 200, 000, 000 | 100, 000, 000 | 100, 000, 000
BR733 100, 000, 000 | 200, 000, 000 | 100, 000, 000
G GA 100, 000, 000 | 100, 000, 000 | 200, 000, 000
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Table 46: Object Server RAM Profile, JAVA CORBA Experiments.

SERVER RAM Requi red (bits)
A 352, 000, 000 = 44MB
B 480, 000, 000 = 60MB
C 528, 000, 000 = 66MB

Table47: Object Server Performance Profile, JAVA CORBA Experiments.

SERVER Met hod CPU time (s) Aver age Size
of Message
(b)

A 1 0. 5523 536

A 2 2.5742 104

A 3 1.16165 104

A 4 1.9828 320

B 1 1.59275 536

B 2 3. 52555 104

C 1 2. 94475 536

C 2 4.5665 104

C 3 0. 47065 104

Table 48: Complex Server Profile, JAVA CORBA Experiments.

Conpl ex Met hod

Exterior Calls

B. 2

C1

Table49: User Role Profiles, JAVA CORBA Experiments.

ROLE CALL PATTERN (observation interval is 990
seconds)

Role 1 50 C1.B1 + 1 C1.B2 + 1 C2.B1 + 1 C2.B6

Role 2 10 C1.B1 + 40 C1.B2 + 24 C3.B2

Role 3 50 C2.B5 + 10 C2.B9 + 30 C2.B3 + 1 C2.B2 +

1 CG3.B2

Table50: Application Call Chart, JAVA CORBA Experiments.

Butt on Met hods Cal | ed
Cl.B1 A1l

Cl. B2 A2+ B.1
C2.B1 C1l+C2

C2. B2 C. 3

C2. B3 C2
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C2.B4 C.3
C2. B5 Al + B2
C2. B6 B.2
C2. B7 A 4
C2. B8 C.3 + A3
C2. B9 Al + A2+ A3+ B2
C3.B1 C1
C3. B2 B.1 + B.2
C3. B3 C2
Table51: Expanded User Roles, JAVA CORBA Experiments.
ROLE Met hods Called in Role
Role 1 50 * (A1) +1* (A2 +B1) +1* (C1+
C.2) +1* (B2
Rol e 2 10 * (A1) +40 * (A2 +B.1) + 24 * (B.1 +
B. 2)
Rol e 3 50 * (A1 +B.2) +10* (A1l +A2+ A3+
B.2) +30 * (C2 +1* (C3 +1* (B.1+
B. 2)
2. Speci ali zing the Objective Function for Role 1
Role 1 consists of 50 CL1.Bl1 calls, one Cl1.B2 call, one
C2.B1 call, and one C2.B6 call. The first step is to
convert of the button calls into method calls by

substituting the values for the calls from Tabl e 4.

[B.2] =
[B.2 + C. 1] =

+ + + +
OO0
N
+ +
00
A

4+ +
T

This leads to the followi ng values for the array R for

the optim zation equati on.

R(A)

R(B)

[A.-1 values for CPU + 1 [A 2 value for CPU
50 [552.3] + 1 [2574.2]
30189. 2

[B.1 values for CPU + 1 [B.2 value for CPU
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5

1 [1592.75] + 1 [3525.55]
5118.

9
3

R(C) =2 [C 1 values for CPU + 1 [C. 2 value for CPU
= 2 [2944.75] + 1 [4566.5]
= 10456.0
There is only one italicized nethod call prior to

substitution, so there is only one network value to deal

wit h.
BITSIB,C] =1 [B.2 nessage in bits]
= 536
3. Speci alizing the Objective Function for Role 2
Usi ng the sane approach, we get the follow ng for Role
2:
R(A) = 108491.0
R(B) = 186549. 2
R(C) = 70674.0
There is only one italicized nethod call prior to

substitution, so there is only one network value to deal

wi th. However, it is called 24 tines.

BITS[B,C] = 24 [B.2 nessage in bits]
= 24 [536]
= 1344
4. Speci al i zing the Qbjective Function for Role 3
R (A) = 70496.5
R (B) = 216651.3
R (C = 317095.4

BITS[B, C] = 32696
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5. Mbdel

The

depl oynent

different RAM limts and keeping al
sanme as in

probl em defi ned

optim zation

| ast

in

Qut puts

strategies for

nmodel

exanpl e.

previ ous

secti on

det er m nes

the different

Sol vi ng

val ues determ ned derives these results.

for the below results can be seen
nodel s are listed as ADOA9.1 for
Role 2(1 user) and ADOA9.3 for

Rol e 1(1 user),
Role 3(1 user).

ot her

W th

fol |l ow ng

roles when setting
vari ables the
the optimzation
the paraneter
The LI NGO nodel s
i n Appendi x A These
ADQA9. 2 for

Table 52

lists the results when RAM utilization was set at 1.5 tines

t he physi cal

RAM of the nmachi nes.

Table52: Model Outputs, 150% RAM util., JAVA CORBA Experiments.

Machi ne Role 1 Role 2 Rol e 3
(1 user) (1 user) (1 user)
SI X None None None
BR733 None None None
G GA A B C A B C A B C

The next table used the sane LI NGO npdels as the above

tabl e, but

physi cal RAM of the machi nes.

with the RAM utilization set

1.0 tinmes the

Table 53: Model Outputs, 100% RAM util., JAVA CORBA Experiments.

Machi ne Role 1 Role 2 Role 3
(1 user) (1 user) (1 user)
Sl X None None None
BR733 B C A
d GA A C A B B, C
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Table 54 wused LINGO nodels
mul ti pl e concurrent
These nodels are listed in Appendi x A as ADOA9. 1. 28 for

1 (28 users), and ADQA9. 3. 3

for

ti mes the physical

Role 3 (3 users).

ADOA9. 2. 4 for

users exercising

t hat

Role 2 (4 users),

RAM of the nachi nes.

t he object

The RAM utilization was set

represented having

servers.

Rol e

at 1.0

Table54: Mode Outputs, Concurrent Users, JAVA CORBA Experiments.

Machi ne Role 1 Role 2 Role 3
(28 users) (4 users) (3 users)
SI X None
BR733 C C B
G GA A B B C

6. Role 1 M ni mal

The following table is actual

t est

of

bed t hat

t he given exanple.

Menory

All

measured results from a
i mpl emented servers with the characteristics

27 possible conbinations where

tested and the results are listed for the case when only one

user of
menory at

M ni mal

menory

type Role 1

significantly

| ess
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Table55: Measured Role1 User Min Mem, JAVA CORBA Experiment.

SERVER | SERVER | SERVER
PAT A B C ROLE 1 | CALLS |CALL 1|{CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 812.143| 1000 954 14 20 12
2 GIGA GIGA BR733 906.811| 1000 945 19 13 23
3 GIGA BR733 GIGA 887.391] 1000 942 26 14 18
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4 GIGA BR733 BR733 923.566/ 1000 951 13 14 22
5 BR733 GIGA GIGA ]1046.038| 1000 950 15 19 16
6 BR733 GIGA BR733 [1204.761] 1000 935 20 19 26
7 BR733 BR733 GIGA ]1051.965| 1000 953 17 12 18
8 BR733 BR733 BR733 |1322.773| 1000 929 16 27 28
9 GIGA GIGA SIX 1056.029| 1000 938 17 22 23
10 GIGA SIX GIGA 965.497| 1000 938 20 20 22
11 GIGA SIX SIX 1166.363[ 1000 926 32 21 21
12 SIX GIGA GIGA 1273.043| 1000 939 16 21 24
13 SIX GIGA SIX 1315.116[ 1000 949 20 15 16
14 SIX SIX GIGA |1347.371] 1000 936 27 23 14
15 SIX SIX SIX 1304.101f 1000 958 16 15 11
16 | BR733 BR733 SIX 1252.422( 1000 939 26 18 17
17 | BR733 SIX BR733 [1179.988| 1000 942 31 13 14
18 | BR733 SIX SIX 1339.852| 1000 938 17 21 24
19 SIX BR733 BR733 |1281.810| 1000 951 20 14 15
20 SIX BR733 SIX 1422.636[ 1000 942 21 21 16
21 SIX SIX BR733 [1453.406] 1000 935 21 24 20
22 GIGA BR733 SIX 996.187| 1000 949 15 19 17
23 GIGA SIX BR733 [1078.838] 1000 938 13 27 22
24 | BR733 GIGA SIX 1327.667[ 1000 929 20 22 29
25 | BR733 SIX GIGA ]1120.733] 1000 946 22 13 19
26 SIX GIGA BR733 [1265.486] 1000 952 14 18 16
27 SIX BR733 GIGA 11269.271] 1000 946 13 21 20

The nodel chose a configuration of pattern 1 when RAM
was set at 150%utilization and a configuration of pattern 3
when RAMwas |imted to 100% utilization. Pattern 3 was the
second fastest average response tine in this test. Pattern
1 was the fastest on this run which was the predicted
configuration when RAM usage was set to 150% of physical RAM
in the nodel. Swapping was not an issue since menory usage
was | ow. More interesting from a software engineering

standpoint was the fact that the nodel proposed a
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configuration that outperfornmed nost configurations from 10

to 45 percent.
7. Rol e 1 Maxi mum Menory

The followng table is actual neasured results from a

test bed that inplenented servers with the characteristics

of the given exanple. All 27 possible conbinations where

tested and the results are listed for the case when only one

user of type Role 1 is present and the servers are using

menory at their profiled needs.

Table56: Measured Role1 User Max Mem, JAVA CORBA Experiment.

SERVER | SERVER | SERVER
PAT A B C ROLE1 |CALLS[CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 833.919| 1000 949 18 14 19
2 GIGA GIGA BR733 886.201| 1000 955 10 19 16
3 GIGA BR733 GIGA 841.651| 1000 955 12 18 15
4 GIGA BR733 BR733 949.210[ 1000 947 17 18 18
5 BR733 GIGA GIGA 1190.435[ 1000 923 26 22 29
6 BR733 GIGA BR733 | 1181.708| 1000 940 16 18 26
7 BR733 BR733 GIGA 1093.800[ 1000 946 22 12 20
8 BR733 BR733 BR733 | 1169.140[ 1000 944 23 14 19
9 GIGA GIGA SIX 926.091] 1000 952 14 13 21
10 GIGA SIX GIGA 926.692| 1000 943 19 23 15
11 GIGA SIX SIX ERROR|[ 1000 N/A N/A N/A N/A
12 SIX GIGA GIGA | 1221.178| 1000 946 17 7 30
13 SIX GIGA SIX ERROR| 1000 N/A N/A N/A N/A
14 SIX SIX GIGA ERROR|[ 1000 N/A N/A N/A N/A
15 SIX SIX SIX ERROR|[ 1000 N/A N/A N/A N/A
16 | BR733 BR733 SIX 1187.428[ 1000 954 10 18 18
17 | BR733 SIX BR733 | 1294.509| 1000 935 19 22 24
18 | BR733 SIX SIX ERROR| 1000 N/A N/A N/A N/A
19 SIX BR733 BR733 | 1329.086| 1000 946 18 14 22
20 SIX BR733 SIX ERROR| 1000 N/A N/A N/A N/A
21 SIX SIX BR733 ERROR|[ 1000 N/A N/A N/A N/A
22 GIGA BR733 SIX 1137.129] 1000 937 12 24 27
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23 GIGA SIX BR733 | 1022.474] 1000 940 21 23 16
24 | BR733 GIGA SIX 1258.190[ 1000 933 26 17 24
25 | BR733 SIX GIGA | 1180.871| 1000 935 29 21 15
26 SIX GIGA BR733 | 1354.999| 1000 937 23 20 20
27 SIX BR733 GIGA | 1202.858] 1000 955 17 21 7

The nodel chose a configuration of pattern 1 when RAM
was set at 150%utilization and a configuration of pattern 3
when RAMwas |imted to 100% utilization. Pattern 3 was the
second fastest average response tine in this test. Pattern
1 was the fastest on this run, which was the predicted
configuration when RAM usage was set to 150% of physical RAM
in the nodel. Again, the nodel proposed a configuration
t hat outperforned nost configurations from 10 to 45 percent
and successfully avoided any pattern that would result in a
systemerror.

8. Role 2 M nimal Menory

The followng table is actual neasured results from a
test bed that inplenented servers with the characteristics
of the given exanple. All 27 possible conbinations where
tested and the results are listed for the case when only one
user of type Role 2 is present and the servers are using

menory at significantly less than their profiled needs.

Table57: Measured Role2 User Min Mem, JAVA CORBA Experiment.

PAT [SERVER A[SERVER B|SERVER C| ROLE2 | CALLS | CALL 1| CALL 2 |CALL3
1 GIGA GIGA GIGA 5002.236| 1000 113 570 317
2 GIGA GIGA BR733 5456.493| 1000 111 550 339
3 GIGA BR733 GIGA 5927.456| 1000 126 545 329
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4 GIGA BR733 BR733 6229.919| 1000 130 547 323
5 BR733 GIGA GIGA 5545.803| 1000 125 544 331
6 BR733 GIGA BR733 5720.117| 1000 147 543 310
7 BR733 BR733 GIGA 6192.044| 1000 156 545 299
8 BR733 BR733 BR733 6790.937| 1000 151 503 346
9 GIGA GIGA SIX 5478.762| 1000 140 550 310
10 GIGA SIX GIGA 6531.051] 1000 142 542 316
11 GIGA SIX SIX 7108.123| 1000 135 558 307
12 SIX GIGA GIGA 5999.068| 1000 124 541 335
13 SIX GIGA SIX 6419.965| 1000 145 551 304
14 SIX SIX GIGA 7638.231] 1000 126 551 323
15 SIX SIX SIX 8200.049| 1000 136 543 321
16 BR733 BR733 SIX 7047.470] 1000 137 535 328
17 BR733 SIX BR733 7354.101] 1000 157 523 320
18 BR733 SIX SIX 7652.154| 1000 142 547 311
19 SIX BR733 BR733 7202.273| 1000 135 538 327
20 SIX BR733 SIX 7446.842| 1000 147 521 332
21 SIX SIX BR733 8159.049| 1000 107 559 334
22 GIGA BR733 SIX 6292.001] 1000 132 574 294
23 GIGA SIX BR733 7111.723] 1000 131 527 342
24 BR733 GIGA SIX 6045.871] 1000 142 541 317
25 BR733 SIX GIGA 7323.822| 1000 125 528 347
26 SIX GIGA BR733 6266.378| 1000 145 516 339
27 SIX BR733 GIGA 6803.448| 1000 139 540 321

The nodel chose a configuration of pattern 1 when RAM
was set at 150%utilization and a configuration of pattern 2
when RAMwas |imted to 100% utilization. Pattern 2 was the
second fastest average response tine in this test. Pattern
1 was the fastest on this run, which was the predicted
configuration when RAM usage was set to 150% of physical RAM
in the nodel. Swapping was not an issue since menory usage
was | ow. More interesting from a software engineering

standpoint was the fact that the nodel proposed a
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configuration that outperformed nost configurations from 10
to 30 percent.

9. Rol e 2 Maxi mum Menory

The followng table is actual neasured results from a
test bed that inplenented servers with the characteristics
of the given exanple. All 27 possible conbinations where
tested and the results are listed for the case when only one
user of type Role 2 is present and the servers are using

menory at their profiled needs.

Table58: Measured Role 2 User Max Mem, JAVA CORBA Experiment.

PAT |SERVER A|SERVER B[SERVER C| ROLE 2 | CALLS | CALL 1 | CALL 2 | CALL 3
1 GIGA GIGA GIGA 4783.474] 1000 136 582 282
2 GIGA GIGA BR733 | 5451.146] 1000 118 539 343
3 GIGA BR733 GIGA 5941.058] 1000 128 539 333
4 GIGA BR733 BR733 | 6292.611] 1000 139 524 337
5 BR733 GIGA GIGA 5576.746] 1000 127 529 344
6 BR733 GIGA BR733 | 5863.812| 1000 134 537 329
7 BR733 BR733 GIGA 6379.604| 1000 127 564 309
8 BR733 BR733 BR733 | 6769.637| 1000 128 552 320
9 GIGA GIGA SIX 5432.729| 1000 143 554 303
10 GIGA SIX GIGA 6603.610{ 1000 147 523 330
11 GIGA SIX SIX ERROR| N/A N/A N/A N/A
12 SIX GIGA GIGA 5905.165] 1000 141 532 327
13 SIX GIGA SIX ERROR[ N/A N/A N/A N/A
14 SIX SIX GIGA ERROR[ N/A N/A N/A N/A
15 SIX SIX SIX ERROR[ N/A N/A N/A N/A
16 BR733 BR733 SIX 7068.025| 1000 139 531 330
17 BR733 SIX BR733 | 7719.824| 1000 123 530 347
18 BR733 SIX SIX ERROR[ N/A N/A N/A N/A
19 SIX BR733 BR733 | 7262.279] 1000 128 542 330
20 SIX BR733 SIX ERROR[ N/A N/A N/A N/A
21 SIX SIX BR733 ERROR| N/A N/A N/A N/A
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22 GIGA BR733 SIX 6573.312] 1000 136 529 335
23 GIGA SIX BR733 | 6905.221| 1000 138 545 317
24 BR733 GIGA SIX 5903.918| 1000 150 553 297
25 BR733 SIX GIGA 7082.142| 1000 145 535 320
26 SIX GIGA BR733 | 6222.291] 1000 135 555 310
27 SIX BR733 GIGA 6843.850 1000 144 518 338

The nodel chose a configuration of pattern 1 when RAM
was set at 150%utilization and a configuration of pattern 2
when RAMwas |imted to 100% utilization. Pattern 2 was the
third fastest average response tinme in this test. Pattern 9
was the second fastest average response tine in this test.
Pattern 9 is provably inferior to pattern 2 and is a result
of the variability of the sinulation. Pattern 1 was the
fastest on this run, which was the predicted configuration
when RAM usage was set to 150% of physical RAMin the nodel.
Agai n, the nodel proposed a configuration that outperforned
nmost configurations from 10 to 30 percent and successfully
avoi ded any pattern that would result in a systemerror.

10. Role 3 Mniml Menory

The followng table is actual neasured results from a
test bed that inplenented servers with the characteristics
of the given exanple. All 27 possible conbinations where
tested and the results are listed for the case when only one
user of type Role 3 is present and the servers are using

menory at significantly less than their profil ed needs.
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Table59: Measured Role 3User Min Mem, JAVA CORBA Experiment.

SERVER | SERVER | SERVER
PAT A B C ROLE 3 |CALLS|CALL 1|CALL 2|CALL 3|CALL 4|CALLS5
1 GIGA GIGA GIGA 6501.536| 1000 549 95 335 11 10
2 GIGA GIGA BR733 | 7779.399 1000 543 103 333 13 8
3 GIGA BR733 GIGA 7425.086[ 1000 542 108 331 9 10
4 GIGA BR733 BR733 | 8763.950, 1000 531 130 324 11 4
5 BR733 GIGA GIGA 6847.776] 1000 547 107 325 11 10
6 BR733 GIGA BR733 | 8059.274| 1000 550 102 326 13 9
I BR733 BR733 GIGA 7912.398| 1000 561 118 296 8 17
8 BR733 BR733 BR733 | 8991.030] 1000 518 121 331 15 15
9 GIGA GIGA SIX 8787.180[ 1000 533 113 328 20 6
10| GIGA SIX GIGA 8018.179| 1000 523 110 341 16 10
11 GIGA SIX SIX 10311.860] 1000 521 106 353 10 10
12 SIX GIGA GIGA 7063.876] 1000 529 107 339 8 17
13 SIX GIGA SIX 9364.904{ 1000 537 108 334 9 12
14 SIX SIX GIGA 8862.786| 1000 557 120 300 10 13
15 SIX SIX SIX 10956.668| 1000 542 111 324 11 12
16 | BR733 BR733 SIX 9874.777| 1000 532 106 331 20 11
17 | BR733 SIX BR733 | 9555.933] 1000 533 99 348 8 12
18 | BR733 SIX SIX 10634.238| 1000 516 117 341 15 11
19 SIX BR733 BR733 | 9134.159] 1000 554 96 326 10 14
20 SIX BR733 SIX 10156.106| 1000 555 95 332 7 11
21 SIX SIX BR733 | 9949.506| 1000 532 121 328 12 7
22 GIGA BR733 SIX 9732.875[ 1000 572 102 304 12 10
23 GIGA SIX BR733 | 9301.973] 1000 528 106 344 11 11
24 | BR733 GIGA SIX 9097.136| 1000 552 104 321 13 10
25| BR733 SIX GIGA 8297.218| 1000 552 90 335 9 14
26 SIX GIGA BR733 | 8438.224| 1000 526 121 328 8 17
27 SIX BR733 GIGA 7945.419| 1000 539 116 321 18 6

The nodel chose a configuration of pattern 1 when RAM
was set at 150% utilization and a configuration of pattern 5
when RAMwas limted to 100% utilization. Pattern 5 was the
second fastest average response tine in this test. Pattern
1 was the fastest on this run, which was the predicted

configuration when RAM usage was set to 150% of physical RAM
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Table 60: Measured Role 3User Max Mem, JAVA CORBA Experiment.

SERVER | SERVER | SERVER
PAT A B C ROLE 3 [CALLS|CALL 1|CALL 2|CALL 3|CALL 4/CALL S
1 GIGA GIGA GIGA 6623.287| 1000 508 122 347 5 18
2 GIGA GIGA BR733 7832.773| 1000 555 105 321 10 9
3 GIGA BR733 GIGA 7254.935( 1000 542 87 344 15 12
4 GIGA BR733 BR733 8641.256| 1000 511 108 356 10 15
5 BR733 GIGA GIGA 6895.644| 1000 572 103 299 12 14
6 BR733 GIGA BR733 8053.885| 1000 536 100 335 13 16
7 BR733 BR733 GIGA 7645.818| 1000 557 97 331 9 6
8 BR733 BR733 BR733 8926.149| 1000 531 103 334 12 20
9 GIGA GIGA SIX 8924.096| 1000 550 117 311 11 11
10 GIGA SIX GIGA 8045.043] 1000 549 95 342 7 7
11 GIGA SIX SIX ERROR| N/A N/A N/A N/A N/A N/A
12 SIX GIGA GIGA 7079.384( 1000 526 109 339 8 18
13 SIX GIGA SIX ERROR| N/A N/A N/A N/A N/A N/A
14 SIX SIX GIGA ERROR| N/A N/A N/A N/A N/A N/A
15 SIX SIX SIX ERROR| N/A N/A N/A N/A N/A N/A
16 | BR733 BR733 SIX 10035.334| 1000 557 102 321 8 12
17 | BR733 SIX BR733 9565.464( 1000 544 102 330 17 7
18 | BR733 SIX SIX ERROR[ N/A N/A N/A N/A N/A N/A
19 SIX BR733 BR733 9254.666| 1000 521 123 332 13 11
20 SIX BR733 SIX ERROR| N/A N/A N/A N/A N/A N/A
21 SIX SIX BR733 ERROR| N/A N/A N/A N/A N/A N/A
22 GIGA BR733 SIX 9698.045[ 1000 538 107 332 12 11
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23 | GIGA SIX BR733 | 9311.344| 1000 | 527 | 104 | 333 19 17
24 | BR733 GIGA SIX 9081.706| 1000 | 532 | 107 | 331 14 16
25 | BR733 SIX GIGA | 8279.541] 1000 | 537 | 101 | 333 19 10
26 SIX GIGA BR733 | 8187.599 1000 | 519 99 357 14 11
27 SIX BR733 GIGA | 8063.269] 1000 | 542 | 121 | 314 12 11

The nodel chose a configuration of pattern 1 when RAM

was set at 150%utilization and a configuration of pattern 5

when RAMwas |limted to 100% utilizati on.
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Table 61: Measured 3 Role3 UsersMin Mem, JAVA CORBA Experiment.

PATTERN| SERVER A |SERVER B [SERVER C|AVERAGE
1 GIGA GIGA GIGA 15877.702
2 GIGA GIGA BR733 13886.899
3 GIGA BR733 GIGA 12654.546
4 GIGA BR733 BR733 19894.807
5 BR733 GIGA GIGA 14149.033
6 BR733 GIGA BR733 15326.239
7 BR733 BR733 GIGA 13277.221
8 BR733 BR733 BR733 22593.446
9 GIGA GIGA SIX 16043.708
10 GIGA SIX GIGA 14039.925
11 GIGA SIX SIX 25316.147
12 SIX GIGA GIGA 14369.772
13 SIX GIGA SIX 18758.802
14 SIX SIX GIGA 15383.009
15 SIX SIX SIX 28872.999
16 BR733 BR733 SIX 18000.066
17 BR733 SIX BR733 17391.755
18 BR733 SIX SIX 25055.715
19 SIX BR733 BR733 20333.473
20 SIX BR733 SIX 19321.708
21 SIX SIX BR733 17489.952
22 GIGA BR733 SIX 16853.736
23 GIGA SIX BR733 15620.748
24 BR733 GIGA SIX 15732.665
25 BR733 SIX GIGA 13635.231
26 SIX GIGA BR733 13652.896
27 SIX BR733 GIGA 12076.358

The nodel chose a configuration of pattern 27 when RAM
was |imted to 100% utilization. Pattern 27 was the fastest
average response tine in this test. Agai n, the nodel
pr oposed a configuration t hat out per f or med nost

configurations from10 to 100 percent.
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13. Three Concurrent Role 3 Users Maxi num Menory

The followng table is actual neasured results from a
test bed that inplenented servers with the characteristics
of the given exanple. All 27 possible conbinations where
tested and the results are listed for the case when three
concurrent users of type Role 3 are present and the servers
are wusing nenory at their profiled needs. Det ai |l ed
information about the individual characteristics of each

user can be found in the appendi x.

Table 62: Measured 3 Role3 UsersMax Mem, JAVA CORBA Experiment.

PATTERN| SERVER A |SERVER B|SERVER C|AVERAGE
1 GIGA GIGA GIGA 15770.141
2 GIGA GIGA BR733 13781.662
3 GIGA BR733 GIGA 12534.210
4 GIGA BR733 BR733 19937.813
5 BR733 GIGA GIGA 14171.030
6 BR733 GIGA BR733 15056.097
7 BR733 BR733 GIGA 12868.518
8 BR733 BR733 BR733 22810.510
9 GIGA GIGA SIX 16314.067
10 GIGA SIX GIGA 13853.769
11 GIGA SIX SIX ERROR
12 SIX GIGA GIGA 14173.931
13 SIX GIGA SIX ERROR
14 SIX SIX GIGA ERROR
15 SIX SIX SIX ERROR
16 BR733 BR733 SIX 17857.033
17 BR733 SIX BR733 17155.762
18 BR733 SIX SIX ERROR
19 SIX BR733 BR733 20096.231
20 SIX BR733 SIX ERROR
21 SIX SIX BR733 ERROR
22 GIGA BR733 SIX 16813.626
23 GIGA SIX BR733 15423.078
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24 BR733 GIGA SIX 15895.970
25 BR733 SIX GIGA 13285.579
26 SIX GIGA BR733 13477.260
27 SIX BR733 GIGA 12011.614

The nodel chose a configuration of pattern 27 when RAM
was |imted to 100% utilization. Pattern 27 was the fastest
average response tinme in this test. Agai n, the node
pr oposed a configuration t hat out per f or ned nost
configurations from 10 to 70 percent and successfully

avoi ded any pattern that would result in a systemerror.

B. CONCLUSI ONS

The results of the JAVA CORBA experinentations
reinforced the conclusions presented in the previous
chapter. The predictions made by the nodel were very
accurate, leading to good choices for server deploynent.
However, nore striking conclusions are drawn from | ooki ng at
groups of experinents.

1. Schedul ed Re- Depl oynents

Al though the nodel does a good job of predicting
performance for a single point, the true strength of this
approach is chaining these points together. By taking
advant age of changes to the system at predictable points in
time, we can do better than any single statically assigned

server pI acenent .
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Table63: Shift Changes, CORBA experiments.

SERV|SERV | SERV
PAT| A B C |ROLE 1ROLE 2|ROLE 3| R3(3)

2 | GIGA | GIGA |BR733| 906.81(5456.497779.40/13886.90
GIGA |BR733| GIGA | 887.39/5927.46(7425.09|12654.55
5 |[BR733| GIGA | GIGA [1046.04(5545.80[6847.78|14149.03
27 | SIX |[BR733| GIGA |1269.27|6803.45[7945.42|12076.36

w

I f we assunme that we have a shift schedule that has the
follow ng four unique manni ng requirenents over the duration
of the schedule, then we can initiate object server re-
depl oynents to coincide with the shift changes. The shaded
areas in Table 63 indicate the deploynent pattern
recommended by the nodel. The nunbers in the matrix are the
actual neasured val ues for these depl oynents.

W are only interested in the four deploynent patterns
listed in Table 63. If we were to institute a static
depl oynent for our system then we would be forced to pick
just one of the deploynent patterns |isted above. The
system engineer would be forced into sone |ogic that
mtigated a worst-case scenari o.

However, since we have the ability to reason about
different manni ng schedules, then we can take advantage of
this capability. By allowing the system to adjust the
| ocation of its object servers at shift changes, we gain

substantial inprovenents to the system
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By conparing the nodels recommended depl oynent pattern
versus the other four deploynent patterns in Table 63, we
can quantify this inprovenent. By dividing the nodel
predicted patterns neasured performance by the neasured
performance of the other patterns in the sane colum, we get
the performance inprovenent for each shift. Table 64 bel ow

contai ns these val ues.

Table 64: Quantifiable mprovementsin Shift Changes.

SERV [SERV[SERV|ROLE [ROLE [ ROLE
PAT| A B C 1 2 3 |R3@)

GIGA | GIGA [BR733 2% 0%| 12%| 13%
GIGA |[BR733| GIGA 0% 8% 8% 5%
5 |[BR733| GIGA | GIGA 15% 2% 0% 15%
27 | SIX |[BR733|GIGA| 30%| 20%| 14% 0%

N

w

Interesting to note is that we are only conparing
depl oynent patterns that are of high probability of actually
being used. None of the entries in the table have negative
val ues, seven of the twelve other entries have a double
digit perfornmance inprovenent. Clearly from Table 64, any
organi zation with known manning schedules that fluctuate
woul d benefit fromthis approach.

2. M ddl ewar e | ndependence

Since the results of the JAVA CORBA experinents reflect
the sane results as the JAVA CORBA experinents, it would
lead to the conclusion that this approach is independent of

m ddl eware i nplenentation. In the future, testing of
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experinments with a mxed bag of m ddl eware inplenentations

in one system woul d be useful.
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VIIl. CHAPTER 8

A PRCFI LI NG

Wth any tool that is to be wused by software
devel opers, if the information needed to feed the tool is
not readily available, then the tool’s useful ness suffers.
Many tool designers fail to understand this point. The
approach detailed in this dissertation always had this goal
in mnd during its devel opnent.

Not all profiles are required to get neaningful
results. The only required profiles are the hardware

profiles of the nmachines and the profiles of the object

servers. Wth just these profiles, the system provides
results. However, when client software profiles and user
profiles are added, then the strength of the tool is

realized in the formof nore accurate results.

Since this approach is abstracted above any m ddl eware
or inplenentation |anguage, there isn’'t a given nethodol ogy
or toolset for gathering these profiles. Instead, | wll
enunerate different approaches for profiling different areas
and give exanples in certain cases. I will start with the
profiles that are required. These al so happen to be the

easiest to coll ect.
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1. Har dware Profiles

Hardware profiles can be collected with nmanual or
aut omat ed net hods. The manual nethod requires the user to
individually collect the profiles for each nachine. The
required information nay be obtained from purchasing
information or collected from the machine itself. When
collecting the information from the machine, it may be
| abel ed on the machine or may be queried while the machine
is running. The approaches vary and differ depending on the
operating system of the machi ne.

Aut omat ed systens al so exist for profiling a network of
conput ers. Comrercially avai |l abl e tool s i ke
Sol arWnds. net’s Network Managenent Tools are too numnerous
to list. These systens usually consist of software that
runs on a nmachine connected to the network and actively
sniff out other hardware. The detail of the information
obt ai ned i s dependent on the tool.

2. Server Profile

Profiling object servers is a bit nore involved than
hardware profiles, but still not conplicated. The key here
is to make sure that all values are normalized. To
normal i ze the values for your object server profile, it is
preferable to collect all the values by running the object
server timng tests on the sanme machine. However, if this
isn’t possible, then the object server timng val ues nust be
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normal i zed after collection. This can be acconplished by
multiplying all data collected by a ratio of the nachines
speed and a set nachi ne speed.

To collect object server profiles, test software is
usually required. This test software consists of a call to
all exposed nethods of all classes while collecting netrics
on each call. An exanple of this test software for the
obj ect servers in this dissertation can be found in Appendi x
B

Creating this test software by hand is sinple enough

when the nunber of classes and nethods is relatively small

However, if this isn't the case, then a nore automated
approach is desirable. If the UM. nodel of the object
servers is available, then a tool |ike Quava can be used to
generate the test software. Quava can generate the test

software for object servers, even if the object server
wasn’'t created with Quava [ 32].

3. Client Application Profiles

There are nunmerous ways to collect the profiles of the
applications involved. If the source code is available,
then the <code can be visually inspected, parsed, or
instrumented to produce the application profiles. For
parsing or instrunenting the code, there exists nunerous

tools and parsing |anguages to acconplish this task. The
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choice of tool wll depend on the inplenentation | anguage of
the application and your preference of tools.

If the source code contains conditionals, |oops or
recursion, then had choices need to be nuade. The nost
common approaches are to either take the average or the
maxi mum nunber of tines the call can be nmade. Bot h
approaches have nerit.

Since the client applications for the exanples in this
paper were inplenmented in JAVA and ny preference was to
instrunment the application code to create their profile, the
technology | decided on was Aspect-Oiented Progranmm ng,
which allows for sinple rules to be witten that crosscut
over the entire application. Thus, very |large applications
can be instrunented rather efficiently. The tool used was
AspectJ, version 0.8. The software for the clients and the
aspect can be found in Appendi x B. The client software is
Clientl.java, Cient2.java and Cient3.java. The aspect
software is Profile.java.

If the application software is not available, then
ot her nethods nust be used. These involve registering

events external to the application and mappi ng them back to

the application. |In CORBA object servers, interceptors can
be used to log these events. In EEJB contai ners, the sane
mechanismis available. |[|f the source code is available for

t he object servers, then they can be instrunented to provide
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t hese 1 ogs. The profiles can even be obtained at a | ower
level, by nonitoring network packet traffic. Davi d
Luckhanmis at Stanford on conplex event processing is one
such approach [10, 11, 12].

4. User Profiles

| f application software is available, then the
applications can be instrunented to gather the interactions
of the users with the applications. The nethods avail abl e
are simlar to the ones nentioned in the application profile
section.

Some G aphical User Interface (GJ) tools offer options
to track user actions. Both X-Wndows and M crosoft W ndows
have commercial tools that wll track user actions. These
tools were originally designed to be Big Brother watching
every nove an enployee nmakes by logging their interactions
with their conputer. However, they can server a nore useful
service if their data ultimately used to benefit the
enpl oyee by speeding up the systemw th which he interacts.

O course, visual observation of wusers and nmanually
Il ogging their interaction will work. Al that is needed is
paper and pen. A matrix of possible user interacts can be
made prior to an exercise or shift. The wuser or an
i ndependent third party <can |log the frequency of

i nteracti ons.
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B. CONCLUSI ONS

There are many ways to collect the required data, but
the key is finding the nost accurate and automated approach.
Utimately, a cost-benefit analysis will have to be nmade on
whet her or not to inplenent this approach on a host system
The collection of these profiles will be a primary source of

the cost associated with its inplenentation.
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| X.  CHAPTER 9

A FUTURE REFI NEMENTS TO THE MODEL

The nodel presented in this dissertation is robust
enough to denonstrate the wvalidity of the approach
However, there are multiple ways that the nodel could be
i npr oved.

1. Wei ght s

Wei ghts could be added at various places to allow for
nmore critical operations to have higher significance. There
are basically four levels that weights could be added to the
met hodol ogy.

Wei ghts could be added at the user interaction |evel
Basical ly, weights could be added to each interaction that a
user could have wth the system At this level, we would
see formulas such as WEI GHT[ X] * APPLI CATI ONf WORD, SAVE] and
WEI GHT[ Y] * APPLI CATI ON[ EXCEL, EXIT].

Wei ghts could be added at the application level. This
woul d nean that all interactions initiated froma particul ar
application would <carry nore weight than interactions
initiated from another application. These formulas would
have the form of WEIGHT[ X] * APPLI CATI ONf WORD] and WEI GHT[ X]
*  APPLI CATI ON[ EXCEL] .
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Anot her place that weights could be inserted is nore in
line with the object-oriented thenme of this dissertation.
Each nmethod call in each object server could be assigned a
wei ght . This would have the form WEIGHT[X] * A ML and
VEI GHT[ Y] * A. M.

The | ast place that weights could be added is to assign
a weight to each object server. In essence, one would say
that object server Ais nore inportant than object server B
This adjustnment could be nmade to the objective function
directly, whereas the other weighting would be internal to
t he evaluation of the |oad value of each server. This would

adjust the first termof the objective function to:

N M
Minimize Z Z anm Wh LRn USnorm
n=0 m=0 Sm

Al l of these weighting changes could be nmade separately
on in sone conbination concurrently. The inportant thing to
remenber is the inpact it wll have on the optimzation.
Al weights nust be positive. Wights with values |less than
one could lead to queuing delay that is not evaluated.
Wei ghts greater than one wll lead to CPU slack tine, but
this is the safest approach.

2. Queui ng Del ay

The nodel could reason better about deploynments if it

knew how queui ng delay was affecting the system \Wen nore
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users are present and actively using an object server, then
there is a higher probability of being delayed in the gqueue
prior to having a request being serviced. The probability
of a queuing delay is directly related to the utilization of
the CPU. A termthat added load to the objective function
when there were nore users and CPU utilization was high
could be added. Conversely, a term that l|imted CPU
utilization as nore users were actively engaged with the
system could be added to the CPU constraint.

Cl assi cal queue theory makes many assunptions about the
arrival rate and service tine of tasks. These assunptions
may not be valid when nodeling users that exhibit certain
behavi oral habits. Many users that interact wth reactive
systens generally fall into a |ooping nodel of pushing a
button, waiting for the reply, then observing the results.
When this nodel of user behavior is assuned, then regardl ess
of the arrival rate or service tinme, the queue length wll
al ways be bounded by the nunber of users currently engaged
wth the system

For systens that serve large nunber of wusers wth
unschedul ed usage patterns like those systens that are
common to the Internet, then this observation would not be
of wval ue. However, in systenms where the total nunber of
scheduled wusers is knowmn ahead of tine, then this
observation is rmuch nore neani ngful.
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The addition of logic to evaluate queuing delay would
have the added benefit of renoving the problem of not
reasoning correctly about a special case for optimzation
If all of the machines have equal RAM and CPU speed and
there is no inter-server communication, then the current
obj ective function doesn’'t guarantee the correct depl oynent.
In this case, each server should run on a separate nachine
to mnimze the effect of queuing delay. Queui ng del ay
| ogic would renove this special case.

3. Automated RAMlimts

The nodel could reason better about deploynents if it
knew how each machi ne actually responded when the resources
of the machi ne were being depleted. Since we do not have a
function that accurately depicts the effect of RAM
utilization on processing speed, we could substitute
functions that bound the upper and lower |imts of the
function. These bounding functions could then be
incorporated into the nodel to allow the nodel to determ ne
how RAM wi || be utilized.

The nodel ADOA4 is an illustration of this change. In
the ADOA4 nodel, the RAMIimt was renoved. The nodel was
allowed to use up to twice the anount of menory on a nachi ne
than there was RAM to allow for wvirtual nenory. The
function used to increase processing when RAM utilization
rises was sinply to nultiply by 3 raised to the power of the
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RAM utilization percentage. This is a safe choice for an
upper bound to the actual function. The results of the

nodel were the foll ow ng depl oynent.

Table 65: Model Outputs, Automated RAM Function.

MACHI NE SERVER RAM Ui lization
W None 0. 00
X None 0. 00
Y D 0. 3437500
Z A B C 0. 5585938

O course, the problemis finding out what the actua
function may be and finding functions that bound the actual
function w thout over exaggerating.

Anot her problem wth introducing an automated RAM
function is the variations that different operating systens
have in dealing wth swapping virtual nmenory to physical
menory. Each operating system could have different RAM
functions. Wen a heterogeneous environnent is Dbeing
nodeled the objective function would have to change
consi der abl y.

4. Asymmet ri ¢ Communi cati ons

The nodel is easily changed to handle asymretric

communi cations by replacing the function used to conpute Q
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M
By changing Qi = (1"' Z aimmajmj* L where L is the LAN speed,

m=0

M M
to Qijzzzaimuajm'upm" where P is a matrix of values,

m=0m'=0
then the nodel can handl e al nost any kind of comrunications
configuration.

It should be noted that when the network speed is a
constant regardless of the location of the servers, then the
second termof the objective function serves no real purpose
since it beconmes a constant and can be elimnated. |In this
case, the objective function becones |inear. Si nce nost
m ddl eware vendors take care to inplenent efficient code
the point is irrelevant.

5. Unr eachabl e Depl oynents

There are sone deploynent patterns that cannot be
reached because of the CPU and RAM Iimts inposed on the
nodel. In a three machine, three-server nodel there are 27
different possible deploynent patterns. O  these 27
possi bl e deploynent patterns, sone of them nmay not be

avai l abl e because of the RAMand CPU limts.
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Unacceptable

Deployments =
(given BLAM & CPU limits)

Figure 6: Unacceptable Deployments.
| f these unreachabl e depl oynents could be renoved from

consideration from the nodel ahead of tine, then the
processing speed of the nobdel could be inproved. Thi s

becones nore inportant when the size of the nodel increases.

6. Provably Inferior Deploynents

Besi des depl oynents that cannot be reached because of
the constraints placed on the CPU and RAM utilization, there
are other deploynents that can sonetines be dism ssed. I n
general, a faster nachine should never be void of a server
assignment while a slower nmachine possesses such an

assignment. However, this is not entirely the case.
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Wen a faster machine has greater or equal anounts of
RAM t han a sl ower machine, then it should never be the case
that the faster machine is void of a server assignnent while
the slower machine is assigned a server. This logic could
be used to | ower the nunber of deploynent possibilities that
must be reasoned about, thus decreasing the conputationa
time of the nodel

7. Opti mal Zone

Because of errors in data used, there may be zones of
depl oynents that are within a few standard devi ati ons of the
optimal solution. This zone is called the optimal zone. 1In
the figure below, the bull’s-eye area represents the data
collected for nodel to conpute. The inner circle of the
area represents the area covered if the data collected is
within one standard deviation. The mddle ring represents
the area covered within tw standard deviations and the
outer ring represents the area covered within three standard
devi at i ons.

Again the boxes in the grid represent possible
depl oynents for the servers. The figure is a visua
representation of the possibility that errors in the data
could lead to anbiguity in the solution space. Wth
sufficient error in the data, any of the shaded boxes in the

opti mal zone could be the correct deploynent.
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Optimal
Zone

BAD

Figure7: Optimal Zone.

The interesting question is whether

it is wse to nove
from box in the optinal

zone to another

box in the optimal
zone given the fidelity of the nodel

and dat a.
8. | nstance Distribution

A possible enhancenent is to add a strategy for

splitting the object servers for a given class. Thi s

involves using a hash function to partition the

popul ation of a class into disjoint

st r at egy

buckets, and to have a
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separate object server for each bucket. This approach is
useful when the load on an object server exceeds the
capacity of the fastest available nachine. The strategy
depends on the assunption that each object in the class is
an independent entity. The assunption is a good one if
there are no nethods that require nore than one argunent of
the class type (including the “self” object).

9. Enterprise Resource Pl anning (ERP)

An addi tional capability that can be added to the nodel
isin the area of enterprise resource planning. By adding a
table of possible upgrades |ike adding additional nenory,
upgrading the CPU, or adding an additional machine along
with all the expenses involved in each upgrade, the nodel
could reason as to which upgrades would give the nost
performance for the |east anount of noney.

The system could also be used to estinmate how many
concurrent users the systemcould support. This would allow
the system engineer to reason about scalability issues of
t he depl oyed system

10. Code Generation from UML and ADL

Since this nethodology is driven at the class level, it
can easily be conbined with a tool I|ike Quava and an
Architectural Description Language (ADL) to produce nultiple
servers froma large UML class diagram[32]. |n nany cases,
a UML class diagram may contain hundreds of classes. A
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single server generated fromthis class diagram may be poor
per form ng. The classic solution to this problem today is
to either buy faster hardware or create nultiple copies of
the server and spread the request across nultiple nmachines.
If faster hardware isn’'t available and if the objects
in the server have state, then a better solution nay be to
deconpose the server into smaller servers and spread these
smal l er servers across nultiple nmachines. This task was
difficult in the past. However, wth autonmated server
generators |li ke Quava, this task is nuch sinpler. The logic
of the nethodol ogy described in this paper could be added to
a system like Quava and used to generate nultiple object
servers from a single UML class diagram based on a given

ADL.
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X CHAPTER 10

A CONCLUSI ONS
1. Mbdel Perfor mance

The nodel’ s performance was quite inpressive in all of

the scenarios tested. It consistently predicted a top
performng deploynent pattern. As a single static
depl oynent tool, the nodel has val ue. Conmbi ned with the

concept of changing usage patterns with predictable points
intime, the value of scheduling depl oynent changes has even
greater val ue.

By looking at only the deploynent patterns that the
nodel has given for different scenarios, we can see how the
ability to change server deploynents at shift changes wll
increase the overall performance of a system A tool that
synchroni zes the shifting of server deploynents at given
time could be easily inplenented.

2. Tar get ed Behavi or

User profiles can be targeted to the actual behavior
that is nost critical to his job. Extraneous tasks can be
i gnored when profiling a user to give greater inportance to
a desired task. The person profiling the user has tota

control over these options.
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For exanple, say a system supports ticket agents. The
tasks perforned by a ticket agent include ticket orders,
timecard entry, web browsing, etc. W can profile the
ticket agent only when taking a ticket order. Let’s say
that a shift has 5 ticket agents assigned to the system |If
we optim ze the systemfor the targeted user profile with 5
agents, then the systemw || give the quickest response when
5 simul ati ons orders are being executed. The system may not
be optimal for when the ticket agents are doi ng other tasks,
but the act of taking ticket orders was deened of primry
i nport ance.

In a dynam c system by past performance, this ability
is not available. If the 5 agents had been surfing the web
for a few hours prior to 5 custoners calling with ticket
orders, then the system would have been tuned for the web
surfing task. Wrse, a dynamc redeploynent nay occur
during the taking of the ticket orders, causing further
del ays.

3. Accuracy of Information

The accuracy of the data used as input to the nodel is
very inportant to the output of the nodel. Knowing this, it
is very inportant to be as accurate as possible when

col l ecting the data.
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Figure8: Accuracy of Input Information.

The wusage patterns wll be the nost difficult to
accurately predict. Take the exanple of a sinple two
server, two-nmachine architecture to support a mlitary
operation. Both nmachi nes have the sane anobunt of RAM Lets
say that one server handles track data and another server
handl es | ogistics data. Now let’s say that we have
different mssions to perform These m ssions may be a high
intensity conflict with nmultiple tracks [Persian Gulf War],
a low intensity conflict with few tracks [Sonalia], and a
humani tarian relief project [Bangladesh Floods]. The high
intensity conflict should have the track server running on
the fastest machine and the |ogistics server running on the

sl ower machine, but if the informati on used to cal cul ate the
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optimal deploynent is inaccurate, then the deploynent may
have both servers running on the sanme nmachine as depicted
bel ow. The depl oynent | abeled BAD is having the two servers
running on the slowest machine. This shoul d never happen,

regardl ess of the m ssions being conduct ed.

Persian Gulf War

Tracks 0800 WH= Tracks O&00 Wi
Logistics 500 WHz Logistics 0360 M=z

BAD
Tracks 0360 MH=z Tracks 0360 M=z
Logistics 0300 MHz Logistics 360 MHz

Figure9: Information Accuracy, Persian Gulf Scenario.

In the lower intensity conflict as depicted by the
Sormalia Conflict, it nmay be that the nost optimal solution
woul d be to have both servers running on the fastest nmachine
because the track usage is low and the |logistics are

inportant to the conpletion of the m ssion. However, if the
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information used to run the nodel is inaccurate, then the
depl oynent nmay suffer. In this case, poor accuracy could
lead to two different deploynents other than the one desired

as shown bel ow.

Som*_alia

Tracks mE00 IMHz Tracks Og00 Mz
Logistics 300 MHz Logistics 360 hH=z

BAD
Tracks 0360 MH=z Tracks 0360 M=z
Logistics 0300 MHz Logistics 360 MHz

Figure 10: Information Accuracy, Somalia Scenario.

The last mssion may have alnost no track data to
process, but huge logistic problens to correct. This is
typical in a humanitarian relief project where food,
medi cine and shelter are the nobst crucial obstacles to
over cone. In this situation, +the nobst advantageous
depl oynment woul d have the logistics server running on the

fastest machine, and the track server running on the sl owest
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machi ne.

However, if the information fed to the nodel

i naccurate, then other deploynents are possible.

Tracks 0300 MH=
0200 WH=

Lagistics

Tracks 0360 H=

Bangladesh Floods
Tracks 0=00 IHz
Logistics 0360 MHz
BAD
Tracks 0360 MMHz
Logistics 0360 WHz

Logistics 000 MH=

Figure11: Information Accuracy, Bangladesh Floods Scenario.

4, Conbi natori al Expl osi on

O course,
al so an issue.
in conputing deploynent strategies.
servers there are to reason about,
and nenory are used by the nodel
depl oynent .

G ven N object
nunber of depl oynent
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The table below lists how quickly the nunber of possible
depl oynent grows. Al possible abstractions of the world
have been made to reduce the factors to just these
par anet ers. No additional abstractions can be nade w t hout
invalidating the nodel. The tines were collected by running
LINGO nodels on a 1100MHz AMD machine with 128MB of RAM

These nodels are |isted in Appendix C

Table 66: Model Computational Time.

SERVERS MACHI NES DEPLOYMENTS | Conput at i onal
N M TI ME
(hh: nm ss)
4 4 256 00: 00: 01
5 4 1024 00: 00: 08
5 5 3125 00: 00: 15
6 6 46656 00: 01: 51
7 7 823543 00: 04: 30
8 8 16777216 00: 26: 04
9 9 387420489 01: 03: 50
10 10 10000000000 03:59: 44
11 11 285311670611 26: 48: 44

5. Usef ul ness of the Mbdel

Al t hough the current version is rather sinplistic, the
approach seens to have nerit. The system responds in a
reasonable way with changes is the environnent, constraints
pl aced on the system and different roles that a user m ght
want . Since all of these changes take place on a given

network of conputers, a single static deploynent strategy
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will never utilize the assets available to better support

t he end user.

Predicting exactly how a user wll interact with a
system that supports nultiple roles wll always be an
I nexact science. Using the nodel in this dissertation to

depl oy object servers is a software engi neering approach to
a real world problemthat currently exists without a better
sol uti on. No solution can be exact because of the
limtations inherent in nodeling users, software, hardware,

etc.
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APPENDI X A
Thi s appendi x cont ai ns an explanation  of t he
transformati on between the objective function and the
| anguage used by LINGO Listings of all of the LINGO nodel s

used in this dissertation are al so present.

A TRANSFORVATI ON TO LI NGO

The transformation from the objective function to a
tool specialized to the task of solving systens of nonlinear
equations is unique to each tool or math library used. I n
this dissertation, the tool of choice was LINGO The
mappi ngs from the objective function to LING are thus
i ncl uded.

1. Processi ng Speed Term

In the objective function, the processing speed term

was defined as:

N M
Minimize Z Z anm JRn USnorm
n=0 m=0 E;“

In LINGO, the above termis represented by:

PROC_SPEED = @UM DEPLOYMENT( |, J ):
V(1,J)* MLTIPLIER ( J ) *

NORM SPEED / SPEED( | ));
Note that MUITIPLIER in LING is equivalent to R,

NORM SPEED is equated to Som, V is equivalent to am, and
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SPEED is matched to Sn. More descriptive identifiers were
used in the LING nodel in keeping with good progranm ng
practices.

2. Net wor k Speed Term

The network speed termin the objective function was:

N & B
Minimize | > > —
i=0 j=0 Qii

In the LINGO nodels, this term is represented in a
couple of ways. If the speed internal to a nachine was
twce as fast as external, then the followi ng represented
this case in LI NGO
NET_SPEED = 32696000/ (U( @ NDEX( B), @ NDEX(C) ) *NET_BW ;

@OR ( SERVER(K) :

@OR (SERVER(L):

@UM ( MACH NE(R) : V(R K)*V(R L)) + 1 = WK, L);
). );

In this exanple, the term Bj was replaced with the
actual bit count, 32696000. The term Q; is conprised of
the logic in the denom nator of the NET_SPEED equati on.

3. RAM Li mts Constraint

The constraint in the objective function that limted

the RAM utilization was:
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N
Om D amVa< To U
n=0
In the LINGO nodels, this constraint is represented in
the form of:
@OR ( MACHI NE(R):
@UM ( SERVER(K): V(R, K)*VMEMORYUSE(K)) = T(R);

T(R) < MEMORY(R)*MEM LIM T;
)

4. CPU Limt Constraint
In the objective function, the CPU utilization was

limted by the term

N, am OR O0Som

In LINGO, this logic was represented in the form of:

Om <C

@OR (MACH NE(R) :
@UM ( SERVER(K): V(R K)*MJILTI PLI ER(K) *
NORM SPEED/ SPEED(R)) = QR);
QR < CPU TIME;
)

5. Whol e Server Constraint

In the objective function, the constraint that stated
that a server couldn’'t be split across nultiple machi nes was
sinply to state that a~ nust equal zero or one. I n LI NGO,
this is represented by:

@OR (DEPLOYMENT: @I N(V));
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6. Si ngl e Copy Constraint
In the objective function, the constraint that stated

that a server couldn’t have nultiple copies was stated as:

M
On Zanmsl

m=0
In LINGO, this logic is represented by:

@OR ( SERVER(K) :
V(@NDEX(W, K) + V(@NDEX(X),K) + V(@NDEX(Y), K) +
V(@NDEX(2),K) = 1; );

B. LI NGO MODELS
1. ADOA3
MODEL :

SETS:
MACHINE / WXY Z/:
MEMORY, SPEED;
SERVER / AB CD:
MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD ( SERVER, SERVER): U,
MEM USED (MACHI NE): T;
ENDSETS

DATA:
NORM SPEED = 500;
MEMORY SPEED =

64 300
128 200
128 400
256 500;
MULTI PLI ER MEMORYUSE =
35. 84 44
21.3 33
29.7 66
100. 1 44;
MEMLIMT = ?;
NET_BW = ?;
ENDDATA
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M N = PROC_SPEED + NET_SPEED;

PROC_SPEED = @UM DEPLOYMENT( |, J ):
V(I1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server communications function. Ilgnore Cient/Server Conmrs
I because they always exist and we are letting the Cient |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

' NET_SPEED = 40000000/ ( U( @ NDEX( B) , @ NDEX( C) ) * NET_BW ;
!

I Figure out if two servers are running on the sane nachi ne. ;
! .
@FOR ( SERVER(K) :

@OR (SERVER(L):

UK L) = V(@NDEX(W, K *V(@NDEX(W,L) +
V(@ NDEX( X), K)*V(@NDEX(X),L) +
V(@ NDEX(Y), K)*V(@NDEX(Y),L) +
V(@NDEX(Z), K)*V(@NDEX(Z),L) + 1;

)
)
!
I A server cannot be split over multiple nachines
|

' @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nachi ne. ;
! .
@OR ( SERVER(K) :

V(@ NDEX(W,K) + V(@NDEX(X),K) + V(@NDEX(Y), K + V(@NDEX(Z), K)

)
|

I Constraint for limting the RAM I oad on a single nachine.
|
@OR (MACHI NE(R) :

T(R = V(R @NDEX(A))*MEMORYUSE( @ NDEX(A)) +
V(R, @ NDEX(B))*MEMORYUSE( @ NDEX(B)) +
V(R, @ NDEX(C))*MEMORYUSE( @ NDEX(C)) +
V(R, @ NDEX( D)) * MEMORYUSE( @ NDEX(D) ) ;

T(R < MEMORY(R *MEM LIMT,;

)

END
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2. ADCA3. 1
MODEL :

SETS:
MACHINE / WX Y Z/:
MENMORY, SPEED
SERVER / AB C D:
MULTI PLI ER, MEMORYUSE
DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD ( SERVER, SERVER): U:
MEM USED ( MACHI NE): T;
ENDSETS

DATA:
NCRM_SPEED = 500;
VEMORY SPEED =

64 300
128 200
128 400
256 500;
MULTI PLI ER MEMORYUSE =
294. 54 44
21.3 33
669. 7 66
832.5 44;
MEMLIMT = 2;
NET_BW = 2
ENDDATA

M N = PROC_SPEED + NET_SPEED,

PROC_SPEED = @UM DEPLOYMENT( |, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server communi cations function. Ilgnore dient/Server Comrs
I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 40000000/ ( U( @ NDEX( B) , @ NDEX(C) ) * NET_BW :
[

I Figure out if two servers are running on the sane nachi ne. ;
I
@ OR ( SERVER(K)
@FOR ( SERVER(L):
U(K L) = V(@NDEX(W, K)*V(@NDEX(W,L) +

136



V(@ NDEX(X), K)*V(@NDEX(X),L) +
V(@ NDEX(Y), K)*V(@NDEX(Y),L) +
V(@ NDEX(Z), K)*V(@NDEX(Z),L) + 1;

)
)

I A server cannot be split over

!
@ OR (DEPLOYMENT: @I N(V));
|

mul ti pl e machi nes

I Each server can only run on one machi ne.

|
@OR ( SERVER(K) :

V(@ NDEX(W, K) + V(@NDEX(X), K) + V(@NDEX(Y), K) + V(@ NDEX(Z), K)

)

I Constraint for limting the RAMI| oad on a single machine.

[
@OR (MACH NE(R) :

T(R = V(R @ NDEX(A))* MEMORYUSE( @ NDEX(A)) +

V(R @ NDEX( B) ) * MEMORYUSE( @ NDEX( B) )
V(R @ NDEX( C) ) * MEMORYUSE( @ NDEX( C))
V(R @ NDEX( D)) * MEMORYUSE( @ NDEX(D)) ;

) ’
END

3. ADQA3. 2
MODEL :

SETS:
MACHINE /| WX Y Z/:
MEMORY, SPEED;
SERVER / A B CUD:
MULTI PLI ER, MEMORYUSE;

DEPLOYMENT ( MACHI NE, SERVER):

NET_SPD ( SERVER, SERVER): U
MEM_USED (MACHI NE): T;
ENDSETS

DATA:
NCRM_SPEED = 500;
MEMORY SPEED =

64 300
128 200
128 400
256 500;

T(R < MEMORY(R)*MEM LIM T;

\&
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MULTI PLI ER MEMORYUSE =

637.6 44
867.2 33
292.8 66
0.0 44;
MEMLIMT = ?;
NET_BW = ?;
ENDDATA

M N = PROC_SPEED + NET_SPEED;
PROC SPEED = @UM DEPLOYMENT( I, J ):
VI, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));
I Inter-Server communi cations function. Ilgnore dient/Server Comrs
I because they always exist and we are letting the Cient |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

! 24 * 40000 * 1000 = 960000000

NET_SPEED = 960000000/ ( U( @ NDEX(B) , @ NDEX(C) ) * NET_BW
|

I Figure out if two servers are running on the sane nachi ne. ;

I

@ OR ( SERVER(K):
@FOR ( SERVER(L):

UK L) = V(@NDEX(W, K)*V(@NDEX(W,L) +
V(@ NDEX(X), K)*V(@NDEX(X),L) +
V(@ NDEX(Y), K)*V(@NDEX(Y),L) +
V(@NDEX(Z), K)*V(@NDEX(Z),L) + 1;

)
)
!

I A server cannot be split over multiple nachines ;
|

' @OR (DEPLOYMENT: @I N(V)):

!

I Each server can only run on one nachi ne. ;

!

@OR ( SERVER(K) :
V(@ NDEX(W, K) + V(@NDEX(X),K) + V(@NDEX(Y), K + V(@ NDEX(Z2),K)

)
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I Constraint for limting the RAM | oad on a single nmachine. ;

|
@OR ( MACH NE(R)

T(R) = V(R @ NDEX(A)) * MEMORYUSE( @ NDEX(A)) +
V(R @ NDEX( B)) * MEMORYUSE( @ NDEX(B)) +
V(R @ NDEX(C))* MEMORYUSE( @ NDEX(C))  +
V(R @ NDEX( D)) * MEMORYUSE( @ NDEX(D)) ;

T(R) < MEMORY(R)*MEM LIM T;

END

4. ADCA3. 3
MODEL :

SETS:
MACHINE / WXY Z/:
MEMORY, SPEED;
SERVER / AB CD:
MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD ( SERVER, SERVER): U;
MEM USED ( MACHI NE): T;
ENDSETS

DATA:
NORM_SPEED = 500;
MEMORY SPEED =

64 300
128 200
128 400
256 500;
MULTI PLI ER MEMORYUSE =
515. 4 44
765. 3 33
1170. 6 66
915.0 44;
MEMLIMT = 2;
NET_BW = ?;
ENDDATA

M N = PROC_SPEED + NET_SPEED,

PROC_SPEED = @UM DEPLOYMENT( |,

J):

V (I, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( |

I Inter-Server conmunications function.
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I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

I 61 * 40000 * 1000 = 2440000000

’ NET_SPEED = 2440000000/ ( U( @ NDEX( B) , @ NDEX(C) ) * NET_BW

!

I Figure out if two servers are running on the sane nachi ne. ;

!

@FOR ( SERVER(K) :

@FOR ( SERVER(L):
UK L) = V(@NDEX(W, K)*V(@NDEX(W, L)

V(@ NDEX(X), K)*V( @ NDEX(X), L)
V(@ NDEX(Y), K)*V(@NDEX(Y), L)
V(@ NDEX(Z), K)*V(@NDEX(Z),L)

+ 4+ + +

)
)

I A server cannot be split over nultiple machines ;
| :

" @OR (DEPLOYMENT: @I N(V));
|

i Each server can only run on one nachi ne. ;

I

@OR ( SERVER(K):
V(@ NDEX(W,K) + V(@NDEX(X),K) + V(@NDEX(Y), K + V(@ NDEX(Z), K)

)
|

I Constraint for limting the RAM I oad on a single nachine.
|
@OR ( MACHI NE(R) :

T(R = V(R @NDEX(A))*MEMORYUSE( @ NDEX(A)) +
V(R @ NDEX(B)) * MEMORYUSE( @ NDEX(B)) +
V(R, @ NDEX(C))*MEMORYUSE( @ NDEX(C)) +
V(R, @ NDEX(D))*MEMORYUSE( @ NDEX(D)) ;

T(R < MEMORY(R *MEM LIMT;

)

END

5. ADOAG. 1.1

I SAVE AS ADOA3 W TH CPU USAGE LIM TS ;
I

MODEL :
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SETS:
MACHINE /| WX Y Z/:
MEMORY, SPEED;
SERVER / ABCUD:
MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD (SERVER, SERVER): U,
MEM USED (MACHI NE): T;
CPU USED (MACHINE): Q@
ENDSETS

DATA:
NORM_SPEED = 500;
MEMORY SPEED =
64 300
128 200
128 400
256 500;
MULTI PLI ER MEMORYUSE =
294. 54 44
21.3 33
669. 7 66
832.5 44;
MEMLIMT = 2;
NET_BW = ?;
CPU TIME = 2
ENDDATA

M N = PROC_SPEED + NET_SPEED,

PROC_SPEED = @UM DEPLOYMENT( |, J ):
V (I, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server conmmuni cations function. Ignore dient/Server Conmrs
I because they always exist and we are letting the Client |ocation

I be the free vari able. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 40000000/ ( U( @ NDEX(B), @ NDEX( C) ) *NET_BW ;
I
I Figure out if two servers are running on the sane nachi ne. ;
I
@FOR ( SERVER(K) :
@FOR ( SERVER(L):
UK L) = V(@NDEX(W, K *V(@NDEX(W,L) +
V(@ NDEX( X), K)*V(@NDEX(X),L) +

141



V(@ NDEX(Y), Ky*V(@NDEX(Y),L) +
V(@ NDEX(Z), KY*V(@NDEX(Z),L) + 1;
)
)
I
I A server cannot be split over multiple nachines
|

" @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nachi ne.
I
@OR ( SERVER(K) :
V(@ NDEX(W, K) + V(@NDEX(X),K) + V(@NDEX(Y), K) + V(@ NDEX(Z), K)

)

I Constraint for limting the RAM | oad on a single machine.
I
@OR (MACHI NE(R) :

T(R = V(R, @ NDEX(A))*MEMORYUSE( @ NDEX(A)) +
V(R @ NDEX(B))* MEMORYUSE( @ NDEX(B)) +
V(R @ NDEX(C))* MEMORYUSE( @ NDEX(C)) +
V(R, @ NDEX(D))* MEMORYUSE( @ NDEX(D) ) ;

T(R < MEMORY(R)*MEM LIM T;

);

|
I Constraint for limting the CPU |l oad on a single machine.
|
@OR (MACHI NE(R) :
QR = ( V(R @NDEX(A))*MILTI PLI ER( @ NDEX( A))* NORM_SPEED /
SPEED( R) ) +
( V(R, @NDEX(B))*MJLTI PLI ER( @ NDEX(B) ) * NORM_SPEED /
SPEED( R) ) +
( V(R @NDEX(C))*MILTI PLI ER( @ NDEX(C))* NORM_SPEED /
SPEED( R) ) +
( V(R @NDEX(D))*MJLTI PLI ER( @ NDEX(D))* NORM_SPEED /
SPEED( R) );
QR < CPU_TI Mg
)

END

6. ADQOAG. 1. 100

I SAVE AS ADOA3 W TH CPU USAGE LIM TS
I

i\/CDEL:
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SETS:
MACHINE /| WX Y Z/:
MEMORY, SPEED;
SERVER / AB CD:
MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD ( SERVER, SERVER): U;
MEM USED (MACHI NE): T;
CPU_USED (MACHINE): Q
ENDSETS

DATA:
NORM_SPEED = 500;
MEMORY SPEED =

64 300
128 200
128 400
256 500;
MULTI PLI ER MEMORYUSE =
29454 44
2130 33
66970 66
83250 44;
MEMLIMT = 2
NET_BW = ?;
CPU TIME = 2
ENDDATA

M N = PROC_SPEED + NET_SPEED;

PROC_SPEED = @UM DEPLOYMENT( I, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server communi cations function. Ignore dient/Server Comrs
I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 4000000000/ ( U( @ NDEX( B), @ NDEX(C) ) *NET_BW ;

I

I Figure out if two servers are running on the sane nachi ne. ;

!

@ OR ( SERVER(K)

@FOR ( SERVER(L):
UK, L) = V(@NDEX(W, K *V(@NDEX(W,L) +

V(@ NDEX( X), K)*V(@NDEX(X),L) +
V(@ NDEX(Y), K)*V(@NDEX(Y),L) +
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V(@ NDEX(Z), KY*V(@NDEX(Z),L) + 1;
)
)
!
I A server cannot be split over multiple nachines
|

' @OR (DEPLOYMENT: @I N(V))
|

i Each server can only run on one machi ne.
!
@OR ( SERVER(K):
V(@ NDEX(W,K) + V(@NDEX(X),K) + V(@NDEX(Y), K + V(@ NDEX(Z), K)

)
!

I Constraint for limting the RAM | oad on a single machi ne.
|
@OR (MACH NE(R):
T(R = V(R @ NDEX(A))*MEMORYUSE( @ NDEX(A)) +
V(R @ NDEX(B))* MEMORYUSE( @ NDEX(B)) +
V(R @ NDEX(C))* MEMORYUSE( @ NDEX(C)) +
V(R @ NDEX( D)) * MEMORYUSE( @ NDEX(D) ) ;
T(R < MEMORY(R)*MEM LIM T;

= 1;

|
I Constraint for limting the CPU |load on a single machine.
|
@OR (MACH NE(R) :
QR = ( V(R @ NDEX(A))*MILTI PLI ER( @ NDEX( A))* NORM SPEED /
SPEED{ R) ) +
( V(R, @NDEX(B))*MJILTI PLI ER( @ NDEX(B))* NORM SPEED /
SPEED({ R) ) +
( V(R, @NDEX(C))*MILTI PLI ER( @ NDEX(C))* NORM SPEED /
SPEED{ R) ) +
( V(R, @NDEX(D))*MJILTI PLI ER( @ NDEX(D))* NORM SPEED /
SPEED{ R) );
QR < CPU_TI Mg
)

END

7. ADOAG6. 1. 119
I
I SAME AS ADOA3 W TH CPU USAGE LIM TS
:\/CDEL:
SETS:
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MACHINE / WX Y Z/:
MEMORY, SPEED
SERVER /| AB C D:
MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD (SERVER, SERVER): U
MEM_USED (MACHI NE): T;
CPU_USED (MACHI NE): Q
ENDSETS

DATA:
NORM SPEED = 500;
MEMORY SPEED =

64 300
128 200
128 400
256 500;
MULTI PLI ER MEMORYUSE =
35050. 26 44
2534. 7 33
79694. 3 66
99067. 5 44;
MEMLIMT = 2
NET_BW = ?;
CPU TIME = ?
ENDDATA

M N = PROC SPEED + NET_SPEED;
PROC SPEED = @UM DEPLOYMENT( |, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));
I Inter-Server communi cations function. |Ignore Cient/Server Conms
I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 4760000000/ ( U( @ NDEX( B) , @ NDEX( C) ) *NET_BW ;
! Figure out if two servers are running on the sane machi ne. ;

@R (SERVER(K)
@OR ( SERVER(L) :

UK L) = V(@NDEX(W, K)*V(@NDEX(W,L) +
V(@ NDEX( X), K)*V(@NDEX(X),L) +
V(@ NDEX(Y), K *V(@NDEX(Y),L) +
V(@ NDEX(Z), K)*V(@NDEX(Z),L) + 1;
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);
);
!
I A server cannot be split over multiple nachines
|

' @OR (DEPLOYMENT: @I N(V));
|

i Each server can only run on one machi ne.
!
@OR ( SERVER(K):
V(@ NDEX(W,K) + V(@NDEX(X),K) + V(@NDEX(Y), K + V(@NDEX(Z), K)

)
!

I Constraint for limting the RAM | oad on a single machine.
|
@OR (MACHI NE(R):

T(R = V(R @ NDEX(A))*MEMORYUSE( @ NDEX(A)) +
V(R, @ NDEX(B))*MEMORYUSE( @ NDEX(B)) +
V(R @ NDEX(C))* MEMORYUSE( @ NDEX(C)) +
V(R @ NDEX( D)) * MEMORYUSE( @ NDEX(D) ) ;

T(R < MEMORY(R)*MEM LIM T;

)

= 1;

|
I Constraint for limting the CPU load on a single machine.
|
@OR (MACHI NE(R) :
QR = ( V(R @NDEX(A))*MILTI PLI ER( @ NDEX( A) ) * NORM_SPEED /
SPEED{ R) ) +
( V(R, @NDEX(B))*MJILTI PLI ER( @ NDEX(B))* NORM SPEED /
SPEED{ R) ) +
( (R, @NDEX(CQC))*MILTI PLI ER( @ NDEX( C) ) * NORM_SPEED /
SPEED{ R) ) +
( V(R, @NDEX(D))*MJILTI PLI ER( @ NDEX(D))* NORM SPEED /
SPEED{ R) );
QR < CPU_TI Mg
)

END

8. ADOAG. 2. 1

I SAME AS ADOA3 W TH CPU USAGE LIM TS
I

i\/CDEL:

SETS:
MACHINE /| WX Y Z/:
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MEMORY, SPEED;
SERVER / AB C D/:
MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V:
NET_SPD ( SERVER, SERVER): U
MEM_USED (MACHI NE): T;
CPU_USED (MACHI NE): Q
ENDSETS

DATA:
NORM _SPEED = 500;
MEMORY SPEED =
64 300
128 200
128 400
256 500;
MULTI PLI ER MEMORYUSE =
637.6 44
867.2 33
292.8 66
0.0 44;
MEMLIMT = ?2;
NET_BW = ?;
CPU TIME = ?;
ENDDATA

M N = PROC_SPEED + NET_SPEED;
PROC _SPEED = @UM DEPLOYMENT( I, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));
I Inter-Server comuni cations function. |Ignore Cient/Server Conms
I because they always exist and we are letting the Cient |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 960000000/ ( U( @ NDEX(B), @ NDEX(C) ) * NET_BW
!

! Figure out if two servers are running on the sane machi ne. ;

!

@OR (SERVER(K) :
@OR (SERVER(L):

UK L) = V(@NDEX(W, K *V(@NDEX(W,L) +
V(@ NDEX( X), K)*V(@ NDEX(X),L) +
V(@ NDEX(Y), K *V(@NDEX(Y),L) +
V(@ NDEX(Z), K)*V(@NDEX(Z),L) + 1;
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)

|
I A server cannot be split over multiple nachines
I

' @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nachine.
!
@OR ( SERVER(K):
V(@ NDEX(W,K) + V(@NDEX(X),K) + V(@NDEX(Y), K + V(@ NDEX(Z), K)

)

I Constraint for limting the RAMI| oad on a single machine.
|
@OR (MACHI NE(R) :

T(R = V(R @ NDEX(A))*MEMORYUSE( @ NDEX(A)) +
V(R, @ NDEX(B))*MEMORYUSE( @ NDEX(B)) +
V(R, @ NDEX(C))*MEMORYUSE( @ NDEX(C)) +
V(R, @ NDEX(D))*MEMORYUSE( @ NDEX(D)) ;

T(R) < MEMORY(R)*MEM LIM T;

);

|
I Constraint for limting the CPU load on a single machine.
|
@OR (MACHI NE(R):
QR = ( V(R @NDEX(A))*MILLTI PLI ER( @ NDEX(A))* NORM SPEED /
SPEED({ R) ) +
( V(R, @NDEX(B))*MJILTI PLI ER( @ NDEX(B))* NORM SPEED /
SPEED{ R) ) +
( V(R @ NDEX(C))*MILTI PLI ER( @ NDEX(C))* NORM SPEED /
SPEED({ R) ) +
( V(R, @NDEX(D))*MILTI PLI ER( @ NDEX(D))* NORM SPEED /
SPEED{ R) );
QR < CPU_TI Mg
)

END

9. ADOAG. 3. 1

!
I SAVE AS ADOA3 W TH CPU USAGE LIM TS
I

MODEL :
SETS:

MACHINE / WX Y Z/:
MEMORY, SPEED;
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SERVER / AB C D/:

MULTI PLI ER, MEMORYUSE
DEPLOYMENT ( MACHI NE, SERVER): V:
NET_SPD ( SERVER, SERVER): U
MEM_USED (MACHI NE): T;
CPU_USED (MACHI NE): Q

ENDSETS

DATA:
NORM_SPEED = 500;
MEMORY SPEED =

64 300
128 200
128 400
256 500;
MULTI PLI ER MEMORYUSE =
515. 4 44
765. 3 33
1170. 6 66
915.0 44;
MEMLIMT = ?;
NET_BW = ?;
CPU_TIME = 2
ENDDATA

M N = PROC_SPEED + NET_SPEED;
PROC _SPEED = @UM DEPLOYMENT( I, J ):
VI, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));
I Inter-Server communi cations function. Ignore dient/Server Conms
I because they always exist and we are letting the Client |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 2440000000/ (U( @ NDEX( B), @ NDEX(C)) *NET_BW ;
!
I Figure out if two servers are running on the sane nachi ne. ;
!
@ OR ( SERVER(K) :
@OR (SERVER(L):

UK L) = V(@NDEX(W, K)*V(@NDEX(W,L) +
V(@ NDEX(X), K)*V(@NDEX(X),L) +
V(@ NDEX(Y), K)*V(@NDEX(Y),L) +
V(@NDEX(Z), K)*V(@NDEX(Z),L) + 1;
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|
I A server cannot be split over multiple nachines
|

" @OR (DEPLOYMENT: @I N(V));
|

i Each server can only run on one nachi ne.
I
@FOR ( SERVER(K) :
V(@ NDEX(W, K) + V(@NDEX(X),K) + V(@NDEX(Y), K + V(@ NDEX(2),K)

= 1;
)
|

I Constraint for limting the RAM | oad on a single machine.
I
@OR ( MACHI NE(R) :

T(R = V(R, @ NDEX(A))*MEMORYUSE( @ NDEX(A)) +
V(R, @ NDEX(B))*MEMORYUSE( @ NDEX(B)) +
V(R, @ NDEX(C))*MEMORYUSE( @ NDEX(C)) +
V(R, @ NDEX(D))*MEMORYUSE( @ NDEX(D) ) ;

T(R) < MEMORY(R)*MEM LIM T;

);

|
I Constraint for limting the CPU |l oad on a single machine.
|
@OR (MACHI NE(R) :
QR = ( V(R @NDEX(A))*MILTI PLI ER( @ NDEX( A))* NORM_SPEED /
SPEED( R) ) +
( V(R, @NDEX(B))*MJLTI PLI ER( @ NDEX(B) ) * NORM_SPEED /
SPEED( R) ) +
( V(R @NDEX(C))*MILTI PLI ER( @ NDEX(C))* NORM SPEED /
SPEED( R) ) +
( (R, @NDEX(D))*MJLTI PLI ER( @ NDEX(D))* NORM_SPEED /
SPEED( R) );
QR < CPU_TI Mg
)

END

10. ADOAG. 3. 50

!
I SAVE AS ADOA3 W TH CPU USAGE LIM TS
I

MODEL :

SETS:
MACHINE / WXY Z/:
MEMORY, SPEED;
SERVER / AB CUD:
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MULTI PLI ER, MEMORYUSE
DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD (SERVER, SERVER): U
MEM USED (MACHI NE): T;

CPU_USED (MACHINE): Q

ENDSETS

DATA:
NORM_SPEED = 500;
MEMORY SPEED =

64 300
128 200
128 400
256 500;
MULTI PLI ER MEMORYUSE =
25770.0 44
38265. 0 33
58530. 0 66
45750. 0 44;
MEMLIMT = 2;
NET_BW = ?;
CPU TIME = ?
ENDDATA

M N = PROC_SPEED + NET_SPEED;
PROC SPEED = @UM DEPLOYMENT( I, J ):
VI, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));
I Inter-Server communi cations function. Ignore dient/Server Conms
I because they always exist and we are letting the Client |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 122000000000/ ( U( @ NDEX( B) , @ NDEX(C) ) * NET_BW :
!

I Figure out if two servers are running on the sane nachi ne. ;

I

@FOR ( SERVER(K) :
@FOR ( SERVER(L):

UK L) = V(@NDEX(W, K)*V(@NDEX(W,L) +
V(@ NDEX(X), K)*V(@NDEX(X),L) +
V(@ NDEX(Y), K) *V(@NDEX(Y),L) +
V(@NDEX(Z), K)*V(@NDEX(Z),L) + 1;
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I A server cannot be split over multiple nachines
|

" @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nachi ne.
I
@ OR ( SERVER(K):
V(@ NDEX(W, K) + V(@NDEX(X),K) + V(@NDEX(Y), K + V(@NDEX(2),K)

)
|

I Constraint for limting the RAM | oad on a single machi ne.
I
@OR (MACHI NE(R) :
T(R = V(R @ NDEX(A))*MEMORYUSE( @ NDEX(A)) +
V(R @ NDEX(B))* MEMORYUSE( @ NDEX(B)) +
V(R @ NDEX(C))* MEMORYUSE( @ NDEX(C)) +
V(R, @ NDEX(D))* MEMORYUSE( @ NDEX(D) ) ;
T(R < MEMORY(R)*MEM LIM T;

= 1;

|
I Constraint for limting the CPU |l oad on a single machine.
|
@OR (MACHI NE(R) :
QR = ( V(R @NDEX(A))*MILTI PLI ER( @ NDEX( A))* NORM_SPEED /
SPEED( R) ) +
( V(R, @NDEX(B))*MJLTI PLI ER( @ NDEX(B) ) * NORM_SPEED /
SPEED( R) ) +
( V(R @NDEX(C))*MILTI PLI ER( @ NDEX(C))* NORM SPEED /
SPEED( R) ) +
( V(R @NDEX(D))*MJLTI PLI ER( @ NDEX(D))* NORM_ SPEED /
SPEED( R) );
QR < CPU_TI Mg
)

END

11. ADOA6. 3. 75

!
I SAVE AS ADOA3 W TH CPU USAGE LIM TS
I

i\/CDEL:

SETS:
MACHINE / WX Y Z/:
VEMORY, SPEED,
SERVER / AB CUD:
MULTI PLI ER, MEMORYUSE;
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DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD (SERVER, SERVER): U
MEM USED (MACHI NE): T;
CPU_USED (MACHI NE): Q

ENDSETS

DATA:
NORM _SPEED = 500;
MEMORY SPEED =
64 300
128 200
128 400
256 500;
MULTI PLI ER MEMORYUSE =
38655. 0 44
57397.5 33
87795. 0 66
68625. 0 44;
MEMLIMT = 2
NET_BW = ?;
CPU TIME = ?
ENDDATA

M N = PROC_SPEED + NET_SPEED
PROC_SPEED = @UM DEPLOYMENT( I, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));
I Inter-Server communi cations function. Ilgnore dient/Server Conms
I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 183000000000/ ( U( @ NDEX( B) , @ NDEX(C) ) * NET_BW :
[

I Figure out if two servers are running on the sane nachi ne. ;

!

@ OR ( SERVER(K):
@FOR ( SERVER(L):

U(K L) = V(@NDEX(W, K)*V(@NDEX(W,L) +
V(@ NDEX(X), K)*V(@NDEX(X),L) +
V(@ NDEX(Y), K)*V(@NDEX(Y),L) +
V(@NDEX(Z), K)*V(@NDEX(Z),L) + 1;

)
)

|
I A server cannot be split over nultiple machines ;
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' @OR (DEPLOYMENT: @I N(V));
|

I Each server can only run on one machi ne.

|
@OR ( SERVER(K):

V(@ NDEX(W, K) + V(@NDEX(X), K) + V(@ NDEX(Y),

:_']_,
)

K) + V(@ NDEX(Z), K)

I Constraint for limting the RAM | oad on a single machine.

|
@OR (MACH NE(R) :

T(R = V(R @ NDEX(A))* VEMORYUSE( @ NDEX(A)) +
V(R @ NDEX( B) ) * MEMORYUSE( @ NDEX( B) )
V(R, @ NDEX( C)) * MEMORYUSE( @ NDEX( C))
V(R @ NDEX( D)) * MEMORYUSE( @ NDEX(D) ) ;
T(R) < MEMORY(R)*MEM LIM T;

)i

+
+

I Constraint for limting the CPU load on a single machine.

|
@OR (MACH NE(R) :

QR = ( V(R @NDEX(A))*MILTI PLI ER( @ NDEX( A) ) *

SPEED( R) ) +

( V(R @ NDEX(B))*MILTI PLI ER( @ NDEX(B)) *

SPEED( R) ) +

( V(R @NDEX(C))*MILTI PLI ER( @ NDEX(C) ) *

SPEED( R) ) +

( V(R @ NDEX(D))*MILTI PLI ER( @ NDEX(D) ) *

SPEED( R) );
QR < CPU TIME
)

END

12. ADOA4

NORM _SPEED /
NORM_SPEED /
NORM_SPEED /

NORM_SPEED /

I SAME AS ADCA3 W TH SI MPLI STI C RAM FUNCTI ON BUI LT I N

!
MODEL :

SETS:
MACHINE / WX Y Z/:
MVEMORY, SPEED,
SERVER / AB C UD:

MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE,

SERVER) :

V;
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NET_SPD ( SERVER, SERVER): U

MEM_USED (MACHI NE): T;

MEM PER (MACHI NE): S;
ENDSETS

DATA:
!
! MACHI NE METRI CS :
!
NORM SPEED = 500;
MEMORY SPEED =

64 300
128 200
128 400
256 500;

! SERVER METRI CS ;

MULTI PLI ER MEMORYUSE =

35. 84 44
21.3 33
29.7 66
100. 1 44;
NET_BW = ?;
ENDDATA

M N = PROC_SPEED + NET_SPEED;

PROC SPEED = @UM DEPLOYMENT( I, J ):
(3°S(1)) * V (I, J) * MLTIPLIER ( J ) * NORM SPEED /

SPEED( | ));

!

i I nter-Server comruni cations function. Ignore Cient/Server Conms

I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

!
, NET_SPEED = 40000000/ ( U( @ NDEX( B) , @ NDEX(C) ) *NET_BW ;
!
! Figure out if two servers are running on the sane machi ne. ;
I
@OR (SERVER(K) :
@OR (SERVER(L):

UK L) = V(@NDEX(W, K *V(@NDEX(W,L) +
V(@ NDEX( X), K)*V(@NDEX(X),L) +
V(@ NDEX(Y), K)*V(@NDEX(Y),L) +
V(@ NDEX(Z), K)*V(@NDEX(Z),L) + 1;
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)
)
!
I A server
|

' @OR (DEPLOYMENT: @I N(V));
|

cannot

I Each server can only run on one machi ne.

|
@OR ( SERVER(K):

V(@ NDEX(W, K) + V(@NDEX(X),K) + V(@ NDEX(Y),

)
!

I Constraint for

!
@OR (MACHI NE(R) :
T(R

be split over

mul ti pl e machi nes

K) + V(@ NDEX(Z), K)

limting the RAM | oad on a single nachine. ;

= V(R @ NDEX(A))* MEMORYUSE( @ NDEX(A)) +

V(R @ NDEX( B) ) * MEMORYUSE( @ NDEX(B)) +
V(R @ NDEX(C))* MEMORYUSE( @ NDEX(C)) +
V(R @ NDEX( D)) * MEMORYUSE( @ NDEX(D)) ;

T(R) < 2*MEMORY(R);
S(R) = T(R)/ MEMORY(R);
MULTI PLI ER ;
)

END

13. ADOA8.1

MODEL :

SETS:
MACHI NE / SI X BR733 3 GA/ ;
MEMORY, SPEED;
SERVER / A B C:
MULTI PLI ER, MEMORYUSE

DEPLOYMENT ( MACHI NE, SERVER):

NET_SPD ( SERVER, SERVER): U

MEM_USED (MACHI NE): T;

CPU_USED (MACHI NE): Q
ENDSETS

DATA:
NCRM_SPEED = 1000;
VEMORY SPEED =

64 600
128 733
128 1000;

Vi

NOTE

NOTE:
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MULTI PLI ER MEMORYUSE =

31600. 3 44
5467. 4 60
10812. 6 66;
MEMLIMT = 2
NET_BW = ?;
CPU TIME = ?
ENDDATA

M N = PROC_SPEED + NET_SPEED

PROC_SPEED = @UM DEPLOYMENT( I, J ):
V(I1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server communi cations function. Ignore dient/Server Conmrs
I because they always exist and we are letting the Cient |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 320000000/ ( U( @ NDEX( B) , @ NDEX(C) ) *NET_BW ;
!
I Figure out if two servers are running on the sane nachi ne. ;
!
@FOR ( SERVER(K) :

@FOR ( SERVER(L):

@UM ( MACHINE(R): V(R K)*V(R L)) + 1 = UK, L);
)

)

I A server cannot be split over multiple nachines ;
|

' @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nachi ne. ;
!
@OR (SERVER(K) :
@UWM ( MMCHINE(R): V(R K)) = 1;
)
!

I Constraint for limting the RAM I oad on a single nachine. ;
|

.@:CR ( MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R)*MEM LIM T;
)
[

I Constraint for limting the CPU | oad on a single machine. ;
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!
@OR (MACHI NE(R) :
@WM ( SERVER(K): V(R K)*MILTI PLI ER(K) * NORM SPEED/ SPEEDX(R)) =

QR);
QR < CPU_TIME;
)
END
14. ADQAS. 2
MODEL :
SETS:

MACHI NE / SI X BR733 G GA/:
MEMORY, SPEED;

SERVER /| AB C:

MULTI PLI ER, MEMORYUSE
DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD (SERVER, SERVER): U
MEM USED (MACHI NE): T;
CPU_USED (MACHI NE): Q

ENDSETS

DATA:
NORM _SPEED = 1000;
MEMORY SPEED =

64 600
128 733
128 1000;
MULTI PLI ER MEMORYUSE =
110608. 0 44
201879. 6 60
72103. 2 66;
MEMLIMT = 2;
NET_BW = ?;
CPU_TIME = ?;
ENDDATA

M N = PROC_SPEED + NET_SPEED;
PROC_SPEED = @UM DEPLOYMENT( I, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));
I Inter-Server comuni cations function. |Ignore Cient/Server Conms
I because they always exist and we are letting the Cient |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE
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’ NET_SPEED = 7680000000/ ( U( @ NDEX( B) , @ NDEX(C)) * NET_BW
] ;
I Figure out if two servers are running on the sane nachi ne. ;
!
@ OR ( SERVER(K):
@FOR (SERVER(L):
@UM ( MVACHINE(R): V(R K)*V(R L)) + 1 = UK, L);
)

)

|
I A server cannot be split over multiple nmachines
I

' @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nachi ne. ;
! .
@OR ( SERVER(K):
@UW ( MMCHINE(R): V(R K)) = 1;
)
!

I Constraint for limting the RAMI| oad on a single machine.
!
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R K)*MEMORYUSE(K)) = T(R);
T(R < MEMORY(R)*MEM LIM T;
)
!

I Constraint for limting the CPU | oad on a single machine.

!
@OR (MACHI NE(R) :
@BUM ( SERVER(K): V(R, K)*MJLTI PLI ER( K) * NORM SPEED/ SPEED(R)) =

QAR);
QR < CPU_TIME;
)
END
15. ADOAS. 3
MODEL :
SETS:

MACHI NE / SI X BR733 G GA/:
MEMORY, SPEED;
SERVER /| A B C:
MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V:
NET_SPD ( SERVER, SERVER): U
MEM_USED (MACHI NE): T;
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CPU_USED (MACHINE): Q
ENDSETS

DATA:
NORM _SPEED = 1000;
MEMORY SPEED =

64 600

128 733

128 1000;
MULTI PLI ER MEMORYUSE =

72796. 5 44
227518. 4 60
327870. 45 66;
MEMLIMT = 2;
NET_BW = 2
CPU_TIME = ?

ENDDATA

M N = PROC_SPEED + NET_SPEED

PROC_SPEED = @UM DEPLOYMENT( I, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server communi cations function. Ignore dient/Server Conms
I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 19520000000/ ( U( @ NDEX( B), @ NDEX(C) ) *NET_BW ;
!
I Figure out if two servers are running on the sane nachi ne. ;
!
@ OR ( SERVER(K)

@FOR ( SERVER(L):

@UM ( MVACHINE(R): V(R K *V(R L)) + 1 = UK, L);
)

)

I A server cannot be split over multiple nachines ;
|

" @OR (DEPLOYMENT: @I N(V));
|

I Each server can only run on one nachi ne. ;
I

" @OR ( SERVER(K)
@UM ( MACHINE(R): V(R K)) = 1;
)
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!

I Constraint for limting the RAM | oad on a single nmachine. ;

I

@FOR ( MACHI NE(R) :
@UM ( SERVER(K): V(R K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R)*MEM LIM T;
)
!

I Constraint for limting the CPU |l oad on a single machine. ;

!
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MJLTI PLI ER(K)* NORM _SPEEDY SPEED( R)) =

QR);
QR) < CPU_TIME;
)
END
16. ADQOAS. 1. 28
MODEL :
SETS:

MACHI NE / SI X BR733 G GA/:
MEMORY, SPEED

SERVER / A B C:

MULTI PLI ER, MEMORYUSE
DEPLOYMENT ( MACHI NE, SERVER): V:
NET_SPD ( SERVER, SERVER): U
MEM_USED ( MACHI NE): T;
CPU_USED (MACHINE): Q

ENDSETS

DATA:
NORM SPEED = 1000;
MEMORY SPEED =

64 600
128 733
128 1000;
MULTI PLI ER MEMORYUSE =
884808. 4 44
153087. 2 60
302752. 8 66;
MEMLIMT = 2;
NET_BW = ?;
CPU_TIME = ?;
ENDDATA

M N = PROC_SPEED + NET_SPEED;

PROC_SPEED = @UM DEPLOYMENT( |, J ):
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VI, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));
!
I Inter-Server communications function. Ilgnore dient/Server Conms
I because they always exist and we are letting the Client |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 8960000000/ ( U( @ NDEX(B) , @ NDEX(C) ) *NET_BW ;
!
I Figure out if two servers are running on the sane machin
!
@OR ( SERVER(K):
@OR (SERVER(L):
@UM ( MVMCHINE(R): V(R K *V(R L)) + 1 = UK L);
)

)

I A server cannot be split over nultiple machines
|

" @OR (DEPLOYMENT: @I N(V));
|

I Each server can only run on one machi ne.
|

@R (SERVER(K) :
@UM ( MACHINE(R): V(R K)) = 1;
)

I Constraint for limting the RAM | oad on a single machine.

[
@OR (MACH NE(R):
@UM ( SERVER(K): V(R K)*MEMORYUSE(K)) = T(R);
T(R < MEMORY(R *MEM LIM T;
)

e.

I Constraint for limting the CPU Il oad on a single nachine.

|
@OR ( MACHI NE(R) :

@UM ( SERVER(K): V(R K)*MILTI PLI ER(K)* NORM SPEED/ SPEED(R))

QR);
QR < CPU_TIME;
)
END
17. ADOAS. 2. 4
MODEL :

162



SETS:

MACHI NE / SI X BR733 4 GA/
MEMORY, SPEED;
SERVER / A B C:
MULTI PLI ER, MEMORYUSE;

DEPLOYMENT ( MACHI NE, SERVER): V,
NET_SPD (SERVER, SERVER): U,
MEM USED (MACHI NE): T;
CPU USED (MACHINE): Q@

ENDSETS

DATA:
NORM_SPEED = 1000;
MEMORY SPEED =

64 600
128 733
128 1000;
MULTI PLI ER MEMORYUSE =
442432. 0 44
807518. 4 60
288412. 8 66;
MEMLIMT = ?;
NET_BW = ?;
CPU TIME = ?
ENDDATA

M N = PROC_SPEED + NET_SPEED;

PROC_SPEED = @UM DEPLOYMENT( |, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server comuni cations function. |Ignore Cient/Server Conms
I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 30720000000/ ( U( @ NDEX(B) , @ NDEX(C)) *NET_BW ;
!
! Figure out if two servers are running on the sane machi ne. ;
!
@OR (SERVER(K) :
@OR (SERVER(L):
@UM ( MACHINE(R): V(R K)*V(R L)) + 1

UK, L);
)
)
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I A server cannot be split over multiple nachines ;
|

" @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nmchi ne. ;
!
@ OR ( SERVER(K):
@UM ( MVACHINE(R): (R, K)) = 1;
)
!

I Constraint for limting the RAM | oad on a single nmachine. ;
I
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R) *MEM LIM T;
)
!

I Constraint for limting the CPU |l oad on a single machine. ;

!

@OR (MACHI NE(R):
@UM ( SERVER(K): V(R, K)*MJLTI PLI ER(K)* NORM _SPEEDY SPEED( R)) =

QR);
QR) < CPU_ TIME;
END
18. ADCAS. 3. 3
MODEL :
SETS:

MACHI NE / SI X BR733 Gl GA/:
MENMORY, SPEED;

SERVER / A B C:

MULTI PLI ER MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD (SERVER, SERVER): U:
MEM USED ( MACHI NE): T;
CPU_USED (MACHINE): Q

ENDSETS

DATA:
NORM _SPEED = 1000;
MEMORY SPEED =

64 600
128 733
128 1000;
MULTI PLI ER MEMORYUSE =
218389. 5 44
682555. 2 60
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983611. 35 66;
MEMLIMT = 2
NET_BW = ?;
CPU_TIME = 2

ENDDATA

M N = PROC_SPEED + NET_SPEED;

PROC_SPEED = @UM DEPLOYMENT( |, J ):
V (I, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server communications function. Ignore dient/Server Conns
I because they always exist and we are letting the Cient |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 58560000000/ ( U( @ NDEX( B), @ NDEX(C) ) *NET_BW ;
I
I Figure out if two servers are running on the sane nmachi ne. ;
!
@OR ( SERVER(K):
@OR (SERVER(L):
@UM ( MMCHINE(R): V(R K *V(R L)) + 1 = UK L);
)

)
!

I A server cannot be split over nultiple machines ;
|

" @OR (DEPLOYMENT: @I N(V))
|

i Each server can only run on one nachi ne. ;
!
@OR ( SERVER(K) :
@UM ( MMCHINE(R): V(R K)) = 1;
)
I

I Constraint for limting the RAM | oad on a single machine. ;
|
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R)*MEM LI M T;
)
!
I Constraint for limting the CPU Il oad on a single nachine. ;

!
@OR (MACHI NE(R):
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@UM ( SERVER(K): V(R K)*MILTI PLI ER(K) * NORM SPEED/ SPEED(R)) =

QR);
QR < CPU_TI Mg
)
END
19. ADOA8. 3.2
MODEL :
SETS:

MACHI NE / SI X BR733 Gl GA/:
MENORY, SPEED

SERVER / A B C:

MULTI PLI ER MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): Vi
NET_SPD ( SERVER, SERVER): U
MEM USED ( MACHI NE): T;
CPU_USED (MACHINE): Q

ENDSETS

DATA:
NORM _SPEED = 1000;
MEMORY SPEED =

64 600
128 733
128 1000;
MULTI PLI ER MEMORYUSE =
145593. 0 44
455036. 8 60
655740. 9 66;
MEMLIMT = 2;
NET_BW = 2
CPU TIME = 2
ENDDATA

M N = PROC_SPEED + NET_SPEED

PROC_SPEED = @UM DEPLOYMENT( I, J ):

V (I, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server comruni cations function. Ilgnore dient/Server Comrs

I because they always exist and we are letting the Cient

| ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE
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NET_SPEED = 19520000000/ ( U{ @ NDEX(B) , @ NDEX(C) ) * NET_BW ;
|

i Figure out if two servers are running on the sane machi ne.
!
@OR (SERVER(K):
@OR (SERVER(L):
@UM ( MMACHINE(R): V(R K *V(R L)) + 1 = UK, L);
)

)
!

I A server cannot be split over nultiple machines ;
|

" @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nachi ne.
!
@OR (SERVER(K) :
@UM ( MACHINE(R): V(R K)) = 1;
);
!

I Constraint for limting the RAM | oad on a single nmachine. ;
!
@rOR ( MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R *MEM LIM T;
)
!

I Constraint for limting the CPU | oad on a single machine.
!
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MJLTI PLI ER( K) * NORM_SPEEDY SPEED( R)) =

QR);
QR) < CPU_TIME;
)
END
20. ADOA9. 1
MODEL :
SETS:

MACHI NE / SI X BR733 Gl GA/:
MEMORY, SPEED;

SERVER / A B C:

MULTI PLI ER  MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): Vi
NET_SPD (SERVER, SERVER): U:
MEM USED ( MACHI NE): T;
CPU_USED (MACHINE): Q

ENDSETS
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DATA:
NCRM_SPEED = 1000;

MEMORY SPEED =
64 600
128 733
128 1000;

MULTI PLI ER MEMORYUSE =

30189. 2
5118. 3
10456. 0
MEMLIMT = 2;
NET_BW = ?;
CPU_TIME = 2

ENDDATA

44
60
66;

M N = PROC_SPEED + NET_SPEED;

PROC_SPEED = @UM DEPLOYMENT( I, J ):

V(

I nter-Server communi cati ons functi on.

because they always exist and we are letting the dient

I, J) * MILTIPLIER ( J ) * NORM SPEED / SPEED

I gnore Cient/Server Comms

| ocation

)

be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 536000/ ( U( @ NDEX( B) , @ NDEX(C) ) * NET_BW :

Figure out if two servers are running on the same nachine.

@R (SERVER(K)
@OR ( SERVER(L) :
@UM ( MACHI NE(R): V(R K) *V(R L)) + 1

)

)

A server cannot

be split over multiple nac

' @OR (DEPLOYMENT: @I N(V))
|

Each server can only run on one mnachi ne.

@R ( SERVER(K)
@UM ( MACH NE(R): V(R K)) = 1

)

Constraint for

[imting the RAM I oad on a
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| .
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R)*MEM LIM T;
)
! ;
I Constraint for limting the CPU | oad on a single nmachine. ;
| .
@rOR ( MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MJLTI PLI ER(K)*NORM SPEED/ SPEED( R)) =

QR);
QR) < CPU_TIME;
)
END
21. ADQA9. 2
MODEL :
SETS:

MACHI NE / SI X BR733 G GA/:
MEMORY, SPEED;

SERVER / A B C:

MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V:
NET_SPD ( SERVER, SERVER): U
MEM_USED (MACHI NE): T;
CPU_USED (MACHINE): Q

ENDSETS

DATA:
NORM _SPEED = 1000;
MEMORY SPEED =

64 600
128 733
128 1000;
MULTI PLI ER MEMORYUSE =
108491. 0 44
186549. 2 60
70674.0 66;
MEMLIMT = 2;
NET_BW = ?;
CPU TIME = ?;
ENDDATA

M N = PROC _SPEED + NET_SPEED;
PROC_SPEED = @UM DEPLOYMENT( I, J ):
V (I, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));
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I Inter-Server communi cations function. Ignore dient/Server Conmns
I because they always exist and we are letting the Cient |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 1344000/ (U( @ NDEX( B) , @ NDEX(C) ) *NET_BW ;
!
I Figure out if two servers are running on the sane nmachi ne.
!
@OR ( SERVER(K):

@OR ( SERVER(L):

@UM ( MMCHINE(R): V(R K *V(R L)) + 1 = UK, L);
)

)
!

I A server cannot be split over nultiple machines ;
|

" @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nachi ne.
!
@OR ( SERVER(K) :
@UM ( MACHINE(R): V(R K)) = 1;
)
!

I Constraint for limting the RAM | oad on a single machine. ;
I
@OR (MACHI NE(R) :
@UM (  SERVER(K): V(R, K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R *MEM LIM T;
)
!

I Constraint for limting the CPU Il oad on a single nachine.
!
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MJLTI PLI ER( K)* NORM _SPEEDY SPEED( R)) =

QR);
QR) < CPU TIME;
)
END
22. ADOA9. 3
MODEL :
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SETS:

MACHI NE / SI X BR733 4 GA/
MEMORY, SPEED;
SERVER / A B C:
MULTI PLI ER, MEMORYUSE;

DEPLOYMENT ( MACHI NE, SERVER): V,
NET_SPD (SERVER, SERVER): U,
MEM USED (MACHI NE): T;
CPU USED (MACHINE): Q@

ENDSETS

DATA:
NORM_SPEED = 1000;
MEMORY SPEED =

64 600

128 733

128 1000;
MULTI PLI ER MEMORYUSE =

70496. 5 44
216651. 3 60
317095. 4 66;
MEMLIMT = 2
NET_BW = ?;
CPU TIME = ?

ENDDATA

M N = PROC_SPEED + NET_SPEED;

PROC_SPEED = @UM DEPLOYMENT( |, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server comuni cations function. |Ignore Cient/Server Conms
I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 32696000/ ( U( @ NDEX( B) , @ NDEX(C) ) *NET_BW ;
I
! Figure out if two servers are running on the sane machi ne. ;
I
@OR (SERVER(K) :
@OR (SERVER(L):
@UM ( MACHINE(R): V(R K)*V(R L)) + 1

UK, L);
)
)
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I A server cannot be split over multiple nachines ;
|

" @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nmchi ne. ;
!
@ OR ( SERVER(K):
@UM ( MVACHINE(R): (R, K)) = 1;
)
!

I Constraint for limting the RAM | oad on a single nmachine. ;
I
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R) *MEM LIM T;
)
!

I Constraint for limting the CPU |l oad on a single machine. ;

!

@OR (MACHI NE(R):
@UM ( SERVER(K): V(R, K)*MJLTI PLI ER(K)* NORM _SPEEDY SPEED( R)) =

QR);
QR) < CPU_ TIME;
END
23. ADQA9. 1. 28
MODEL:
SETS:

MACHI NE / SI X BR733 G GA/:
MEMORY, SPEED;

SERVER / A B C:

MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD ( SERVER, SERVER): U
MEM USED (MACHI NE): T;
CPU_USED (MACHINE): Q

ENDSETS

DATA:
NORM _SPEED = 1000;
MVEMORY SPEED =

64 600
128 733
128 1000;
MULTI PLI ER MEMORYUSE =
845297. 6 44
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143312. 4 60
292768. 0 66;
MEMLIMT = 2
NET_BW = ?;
CPU_TIME = ?2;
ENDDATA

M N = PROC_SPEED + NET_SPEED;

PROC_SPEED = @UM DEPLOYMENT( I, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server communi cations function. Ignore dient/Server Conmrs
I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 15008000/ ( U( @ NDEX( B) , @ NDEX(C) ) *NET_BW ;
!
I Figure out if two servers are running on the sane machi ne. ;
!
@OR ( SERVER(K):

@OR (SERVER(L):

@UM ( MVMACHINE(R): V(R K*V(R L)) + 1 = UKL);

)

)

I A server cannot be split over nultiple machines ;
|

' @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nachi ne. ;
!
@OR ( SERVER(K) :
@UM ( MMCHINE(R): V(R K)) = 1;
)
!

I Constraint for limting the RAM | oad on a single machine. ;
I
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R)*MEM LI M T;
)
!
I Constraint for limting the CPU Il oad on a single nachine. ;

|
@OR (MACHI NE(R) :
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@UM ( SERVER(K) :

AR QR < CPU TIME;
END) ;

24. ADOA9. 2.4
ODEL :
SETS:

MACHI NE / SI X BR733 G GA/:

VEMORY, SPEED,
SERVER / A B C:
MULTI PLI ER, MEMORYUSE;

DEPLOYMENT ( MACHI NE, SERVER):
NET_SPD (SERVER, SERVER): U:

MEM USED ( MACHI NE): T;
CPU_USED (MACHINE): Q

ENDSETS

DATA:
NORM SPEED = 1000;
MEMORY SPEED =

64 600
128 733
128 1000;

MULTI PLI ER MEMORYUSE =

433964. 0 44
746196. 8 60
282696. 0 66;
MEMLIMT = 2;
NET_BW = ?;
CPU TIME = 2
ENDDATA

M N = PROC_SPEED + NET_SPEED;

PROC_SPEED = @UM DEPLOYMENT(
* MULTIPLIER ( J ) * NORM SPEED / SPEED( | ));

VI, )

V(R K)*MILTI PLI ER( K) * NORM _SPEED/ SPEED(R)) =

V;

J):

I Inter-Server communi cations function. Ignore dient/Server Comrs

I because they always exist and we are letting the Client |ocation

I be the free vari abl e.

NOTE:

ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 5376000/ (U( @ NDEX(B) , @ NDEX(C) ) * NET_BW ;
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!
I Figure out if two servers are running on the sane nachi ne. ;
! .
@FOR ( SERVER(K) :
@OR (SERVER(L):
@UM ( MACHINE(R): V(R K *V(R L)) + 1 = UK, L);
)

)
] ;
I A server cannot be split over nultiple machines ;
|

' @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one machi ne.
!
@OR ( SERVER(K):
@UM ( MACHINE(R): V(R K)) = 1;
)
!

I Constraint for limting the RAM | oad on a single machine.
I
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R)*MEM LIM T;
)
I

I Constraint for limting the CPU | oad on a single nmachine. ;
! .
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MJLTI PLI ER(K)*NORM SPEED/ SPEED( R)) =

QR);
QR) < CPU_TIME;
)
END
25. ADOA9. 3.3
MODEL :
SETS:

MACHI NE / SI X BR733 Gl GA/:
MEMORY, SPEED;

SERVER / A B C:

MULTI PLI ER MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD (SERVER, SERVER): U:
MEM USED (MACHI NE): T;
CPU_USED (MACHINE): Q

ENDSETS
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DATA:
NORM _SPEED = 1000;
MEMORY SPEED =

64 600
128 733
128 1000;
MULTI PLI ER MEMORYUSE =
211489. 5 44
649953. 9 60
951286. 2 66;
MEMLIMT = ?;
NET_BW = 2
CPU_TIME = 2
ENDDATA

M N = PROC_SPEED + NET_SPEED

PROC_SPEED = @UM DEPLOYMENT( I, J ):
V(I1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server comruni cations function. Ignore dient/Server Comrs
I because they always exist and we are letting the Client |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 98088000/ ( U( @ NDEX( B) , @ NDEX(C) ) *NET_BW ;
!
I Figure out if two servers are running on the sane nachi ne. ;
!
@ OR ( SERVER(K):

@OR (SERVER(L):

@UM ( MACHINE(R): V(R K)*V(R L)) + 1 = UK, L);
)

)

I A server cannot be split over multiple nachines ;
|

' @OR (DEPLOYMENT: @I N(V));
|

I Each server can only run on one nachine. ;
|

.@FCR ( SERVER( K)
@UM ( MACHINE(R): V(R K)) = 1;
)
!

I Constraint for limting the RAM | oad on a single machine. ;
!
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@OR (MACH NE(R) :
@UM ( SERVER(K): V(R K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R)*MEM LI M T;
)
!

I Constraint for limting the CPU | oad on a single nmachine.
|

" @OR (MACHI NE(R) :
@UM ( SERVER(K): V(R K)*MULTI PLI ER(K)* NORM SPEED SPEED(R)) =
QAR;

QR) < CPU TIME

END
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APPENDI X B

A. JAVA RM CODE
1. Server A Code

a) A java

i mport java.rm.Renote;
i mport java.rm . Renot eExcepti on;

public interface A extends Renpte {

int menory_add(int counts) throws RenoteException;
int menory_del (int counts) throws RenoteException;
StringBuffer ml() throws RenoteException;
StringBuffer nm2() throws RenoteException;
StringBuffer nB3() throws RenoteException;
StringBuffer md() throws RenoteException;
}
b) Ai npl . j ava
i mport java.util.Vector;
i mport java.rni.Nam ng;
i mport java.rm . Renot eException;
i mport java.rm.RM SecurityManager;
i nport java.rni.server. Uni cast Renot eQbj ect ;
public class Al npl extends Uni cast RenoteCbject inplenents A {
public Alnmpl () throws RenoteException { super();
StringBuffer ail;
StringBuffer az;
StringBuffer a3;
StringBuffer a4,

Vect or medi um nenory;

public static int factorial (int x) {

if (x <= 0)
return O;
el se

return factorial (x-1) + x;
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public int menory_add(int counts) ({
int cnt = 0;

while (cnt < counts)

StringBuffer billy = new StringBuffer(1000000);
medi um_nenory. add(billy);
cnt = cnt + 1;

}

return cnt;

}

public int nmenory_del (int counts) {
int cnt = 0;

while (cnt < counts)

if (mediumnenory.isEmpty())
return -1;

medi um nenory. renove( nedi um nenory. | ast El enent ());
cnt = cnt + 1;

}
return cnt;
}
public StringBuffer nil() {
i nt count;
for (int i =0; i < 360; i++)
for (int j =0; j < 360; j++)
count = factorial (i) * factorial(j);
return al;
}
public StringBuffer n2() {
i nt count;
for (int i =0; i < 600; i++)
for (int j =0; j < 600; j++)
count = factorial (i) * factorial(j);
return az;
}
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public StringBuffer nB() {

int count;
for (int i =0; i < 460; i++)
for (int j =0; j < 460; j++)
count = factorial (i) * factorial(j);
return as3;
}
public StringBuffer md() {
i nt count;
for (int i = 0; i < 550; i++)
for (int j =0; j < 550; j++)
count = factorial (i) * factorial(j);
return a4;
}

public void init() {

al = new StringBuffer(14000);
a2 = new StringBuffer(2300);
a3 = new StringBuffer(5600);

a4 = new StringBuffer(22000);
nmedi um nenory = new Vector();

}

public static void main(String args[]) {
/1 Create and install a security nanager
if (System get SecurityManager() == null) {
Syst em set Securi t yManager (new RM SecurityManager ());

}

try {
Al npl obj = new Al npl ();
obj.init();

/1 Bind this object instance to the nanme "AServer"
Nami ng. rebi nd("//gi ga/ AServer", obj);
Systemout. println("AServer bound in registry");
} catch (Exception e) {
Systemout.printin("Anpl err: " + e.getMssage());
e.printStackTrace();
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2. Server B

a) B.j ava

i mport java.rm.Renote;
i mport java.rm . Renot eExcepti on;

public interface B extends Renpte {
int menory_add(int counts) throws RenoteException;
int menory_del (int counts) throws RenoteException;
StringBuffer ml() throws RenoteException;
StringBuffer nm2() throws RenoteException;

b) Bi npl . j ava

i mport java.util.Vector;

i mport java.rmn.Nam ng;

i mport java.rm . Renot eExcepti on;

i mport java.rm.RM SecurityManager;

i mport java.rm.server. Uni cast Renot eQbj ect ;

public class Bl npl extends Uni castRenoteCbhject inplenents B {
public Blnpl () throws RenpteException { super();

StringBuffer bi;
StringBuffer b2;
Vect or medi um nenory;
CobjC = null;

public static int factorial (int x) {
if (x <=0)
return O;
el se
return factorial (x-1) + x;

}

public int nmenory_add(int counts) {
int cnt = 0;

while (cnt < counts)

{
StringBuffer billy = new StringBuffer(1000000);

medi um_nenory. add(billy);
cnt = cnt + 1;
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}

return cnt;

}

public int nmenory_del (int counts) {
int cnt = 0O;

while (cnt < counts)

if (mediumnenory.isEmpty())
return -1;

medi um _nenory. renove( medi um nenory. | ast El enent ());
cnt = cnt + 1;

}
return cnt;
}
public StringBuffer nil() {
int count;
for (int i =0; i < 511; i++)
for (int j =0; j < 511; j++)
count = factorial (i) * factorial(j);
return bl;
}
public StringBuffer n2() {
int count;

StringBuf fer answer;

for (int i =0; i < 666; i++)
for (int j =0; ] < 666; j++)
count = factorial (i) * factorial(j);
try {

answer = obj C ml();

catch (Exception exc) {
System out. println("BServer exception: " +
exc. get Message() ) ;
exc. printStackTrace();

}

return b2;

}
public void init() {
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bl
b2

new St ri ngBuf fer (500000);
new St ri ngBuf f er (340000);

medi um nenmory = new Vector();

try {

obj C = (C) Nami ng. | ookup("//gi ga/ CServer");
} catch (Exception e) {
System out. println("BServer exception: " +

e. get Message());

e.printStackTrace();

}
}

public static void main(String args[]) {
/1l Create and install a security manager

if (System get SecurityManager() == null) {

System set Securi t yManager (new RM SecurityManager());
}
try {

Bl npl obj = new Bl npl ();

obj.init();

/1 Bind this object instance to the nanme "BServer"
Nam ng. rebi nd("// gi ga/ BServer", obj);
System out.println("BServer bound in registry");

} catch (Exception e) {

3.

i mport java.
i nport java.

i nt
i nt

Systemout.printin("Blnpl err: " + e.getMssage());
e.printStackTrace();

Server C

a) C.java

rm . Renot e;
rm . Renot eExcepti on;

public interface C extends Renpte {

menory_add(i nt counts) throws RenoteException;
menory_del (i nt counts) throws RenoteException;

StringBuffer ml() throws RenpteException;
StringBuffer n2() throws RenpteException;
StringBuffer nB3() throws RenoteException;
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b) Ci npl.java

i mport java.util.Vector;

i mport java.rni.Nam ng;

i mport java.rm . Renot eExcepti on;

i mport java.rm.RM SecurityManager;

i mport java.rm.server. Uni cast Renot eQbj ect ;

public class Clnpl extends UnicastRenoteCbject inmplenents C {
public Clnpl () throws RenpteException { super();

StringBuffer ci;
StringBuffer c2;
StringBuffer c3;
Vect or medi um nenory;

public static int factorial (int x) {
if (x <=0)
return O;
el se
return factorial (x-1) + x;

}

public int menory_add(int counts) ({
int cnt = 0;

while (cnt < counts)
StringBuffer billy = new StringBuffer(1000000);
nmedi um_nenory. add(billy);
cnt = cnt + 1;

}

return cnt;

public int nenory_del (int counts) {
int cnt = 0O;

while (cnt < counts)

{
i f (mediumnenory.iskEmpty())
return -1;
medi um nenory. renove( nedi um nenory. | ast El enent ());
cnt = cnt + 1;
}
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return cnt;

}
public StringBuffer ni() {
int count;
for (int i =0; i < 627; i++)
for (int j =0; j < 627; j++)
count = factorial (i) * factorial(j);
return cl;
}
public StringBuffer n2() {
int count;
for (int i =0; i < 726; i++)
for (int j =0; j < 726; j++)
count = factorial (i) * factorial(j);
return c2;
}
public StringBuffer nB() {
int count;
for (int i =0; i < 340; i++)
for (int j = 0; j < 340; j++)
count = factorial (i) * factorial(j);
return c3;
}

public void init() {

cl new St ri ngBuffer (40000);
c2 new St ri ngBuf fer (500000);
c3 = new StringBuffer(50000);
medi um nenory = new Vector();

}

public static void main(String args[]) {
/] Create and install a security nanager
if (System get SecurityManager() == null) {
Syst em set Securi t yManager (new RM SecurityManager());

}

try {
Clnpl obj = new Clnpl ();
obj.init();

/1l Bind this object instance to the nane "CServer"
Nam ng. rebi nd("// gi ga/ CServer", obj);
Systemout.println("CServer bound in registry");
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} catch (Exception e) {
Systemout.printin("Clnpl err: " + e.getMssage());
e.printStackTrace();

4. User Sinul ati on Code

a) Timer.java

/**

* Autility class to help tinme internal operations.

*

*/
public class Tiner {

private long startMIlis;
private long endMIlis;

/'l constructor
public Timer() {
reset();

}

/1 constructor
public Timer(bool ean running) {
reset();
if (!running) {
endMIlis = startMIlis;
}

}

public void reset() {
startMIlis = getMI1lis();
endMIlis = 0O;

}

public void stop() {
endMIlis = getMIlis();

}

public long el apsedms() {
long millis = delta();
return millis;

}
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public String elapsed() {
long nmillis = delta();
if (mllis > 1000L) {
char xx[] = new char[2];
xx[0] = (char)('0" + (mllis % 1000)/100);
xx[1] = (char)('0" + ((mllis+5) 9% 100)/10);

return ("" + mllis/1000 + "." + new String(xx) + " seconds");
} else {
return ("" + mllis + " mlliseconds");

}
}

public void add(Tinmer tim {
if (endMIlis == 0) {
throw new Error("Can only add to a stopped Tiner");

endMIlis += timdelta();
}

private long delta() {
if (endMIlis == 0) {
stop();

return (endMIlis - startMIlis);

}

private long getMIlis() {
return SystemcurrentTineM I 1lis();
}

b) Rol es. j ava

i nport java.util.Random
i mport java.rm . Naning;
i mport java.rm . Renot eException;

/**

*/

public class Roles {
static Tinmer calltinme;
static Tinmer testtime;

stati ¢ Random si mul at e;

bool ean RUNNI NG = true;

A objA = null;
B objB = null;
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CobjC = null;

public void init() {

try {
obj A = (A) Nami ng. | ookup("//gi ga/ AServer");
obj B = (B) Nani ng. | ookup("// gi ga/ BServer");
obj C = (C) Nanmi ng. | ookup("// gi ga/ CServer");

} catch (Exception e) {
Systemout. println("Roles exception: " +
e. get Message());
e.printStackTrace();
RUNNI NG = f al se;

}
}
public void set_nmenory() {

int val;

try {
val = obj A nenory_add(44);
Systemout.printin("MB set in server A: " + val);
val = obj B. nenory_add(60);
Systemout.println("MB set in server B: " + val);
val = obj C. nenory_add(66);
Systemout.printin("MB set in server C. " + val);

} catch (Exception e) {
Systemout. println("Rol es exception: " +
e. get Message());
e.printStackTrace();
RUNNI NG = fal se;
}
}

public void run_test1(int max_run) {

int choice = 1;

doubl e aver age;
bool ean RUNL = true;

int count = O;
int cntl
int cnt2
int cnt3
int cnt4

| ong duration =

eeee

oS nnn

testtine.reset();

whil e (RUN1)

{
choice = sinul ate. nextlInt(53);
calltime.reset();

try {
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if (choice < 50)

{
obj A. mL();
cntl = cntl + 1;
}
else if (choice < 51)
{
obj A. nm2();
obj B. mL();
cnt2 = cnt2 + 1;
}
else if (choice < 52)
{
obj C. mL();
obj C. n2();
cnt3 = cnt3 + 1;
}
else if (choice < 53)
{
obj B. n2() ;
cnt4 = cnt4d + 1,
}
el se
{
Systemout.println("Got choice out of bounds " + choice);
}
}
catch (Exception exc) {

Systemout.println("Rol es exception: " +
exc. get Message());

exc. printStackTrace();

RUNL = fal se;

RUNNI NG = fal se;
}
calltine.stop();
duration = duration + calltine.elapsedns();
count = count + 1;

if (count < max_run)

{

try {

Thread. current Thread() . sl eep(1000);
}
catch (Exception inter) {
Systemout. println("Rol es exception on sleep: " +
i nter.get Message());

i nter.printStackTrace();

}
}
el se
{

RUN1 = fal se;
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}

}
}

testtine.stop();

Systemout.println("Test 1 duration is + testtinme. el apsed());
Systemout.println("Total nunber of calls is " + count);
Systemout.printin(" 1 Nunber of calls is + cntl);
Systemout.println(" 2 Nunmber of calls is " + cnt2);
Systemout.println(" 3 Nunber of calls is + cnt 3);
Systemout.println(" 4 Nunber of calls is + cnt4);
average = (double) duration / (double) count;
Systemout.println("Average response tinme is " + average);
Systemout.println("");

public void run_test2(int max_run) {

int choice = 1;
doubl e aver age;

bool ean RUN2 = true;
int count = O;

int cntl = O;

int cnt2 = 0O;

int cnt3 = 0O;
0;

| ong duration =

testtine.reset();
whil e (RUN2)
{

choice = simul ate.nextlnt(74);
calltime.reset();

try {
if (choice < 10)
{

obj A. miL();

cntl cntl + 1;
else if (choice < 50)
{
obj A. n2();
obj B. mL();
cnt2 =cnt2 + 1;

else if (choice < 74)

{

obj B. mL();

obj B. n2();

cnt3 = cnt3 + 1;
}
el se
{
Systemout.println("Got choice out of bounds " + choice);

}
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}

}

catch (Exception exc) {
System out. println("Rol es exception: " +
exc. get Message());
exc. printStackTrace();
RUN2 = fal se;
RUNNI NG = fal se;

calltime.stop();

duration = duration + calltine.elapsedns();
count = count + 1;

if (count < max_run)

{
try {
Thread. current Thread() . sl eep(1000);
}
catch (Exception inter) {
System out.println("Rol es exception on sleep: " +
i nter.get Message());
inter.printStackTrace();
}
}
el se
{
RUN2 = fal se;
}
}

testtine.stop();

Systemout.println("Test 2 duration is " + testtine.elapsed());
Systemout.println("Total nunber of calls is " + count);
Systemout.printin(" 1 Nunber of calls is + cntl);
Systemout.println(" 2 Nurmber of calls is " + cnt2);
Systemout.println(" 3 Nunber of calls is + cnt3);

average = (double) duration / (double) count;
Systemout.println("Average response tinme is " + average);
Systemout.println("");

public void run_test3(int max_run) {

int choice = 1;
doubl e aver age;
bool ean RUN3 = true;
int count = O;
int cntl
int cnt2
int cnt3
int cnt4
int cntb5
I ong duration =

ceeee

S

testtine.reset();

192



whil e (RUN3)

{
choi ce = simul ate.nextlnt(92);
calltime.reset();
try {
if (choice < 50)
{
obj A. mL();
obj B. n2() ;
cntl = cntl + 1;
}
else if (choice < 60)
{
obj A. mL();
obj A. n2();
obj A. nB();
obj B. n2() ;
cnt2 = cnt2 + 1;
}
else if (choice < 90)
{
obj C. n2();
cnt3 = cnt3 + 1;
}
else if (choice < 91)
{
obj C. nB();
cnt4 = cnt4 + 1;
}
else if (choice < 92)
{
obj B. mL();
obj B. n2();
cnt5 = cnt5 + 1;
}
el se
{
Systemout.println("Got choice out of bounds " + choice);
}
}
catch (Exception exc) {

Systemout. println("Rol es exception: " +
exc. get Message() ) ;

exc. printStackTrace();

RUN3 = fal se;

RUNNI NG = f al se;
}
calltime.stop();
duration = duration + calltine. el apsedns();
count = count + 1;

if (count < max_run)
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try {
Thr ead. current Thread() . sl eep(1000);

catch (Exception inter) {
Systemout.println("Rol es exception on sleep: " +
i nter.get Message());
i nter.printStackTrace();

}
}
el se
{
RUN3 = fal se;
}
}

testtine.stop();
Systemout.println("Test 3 duration is

+ testtine. el apsed());

Systemout.println("Total nunber of calls is " + count);
Systemout.printin(" 1 Nunber of calls is " + cntl);
Systemout.println(" 2 Nunber of calls is " + cnt2);
Systemout.printin(" 3 Nunber of calls is " + cnt3);
Systemout.printin(" 4 Nunber of calls is " + cnt4);
Systemout.println(" 5 Nunber of calls is " + cnth);
average = (double) duration / (double) count;
Systemout.println("Average response tinme is " + average);

Systemout.println("");

public static void main(String s[]) {
/*
*/

Rol es test = new Rol es();

calltime = new Tinmer();

testtine = new Tinmer();

si mul ate = new Random();
test.init();

test.run_test1(1000);

test.run_test2(1000);

test.run_test 3(1000);

test.set_nmenory();

Systemout.printin("");

System out. println("Bunping the menory on the servers...");
Systemout.println("");

test.run_test1(1000);

test.run_test2(1000);

test.run_test3(1000);
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Cc) Rl. ] ava

i mport java.util.Random
i mport java.rn.Nam ng;
i mport java.rm . Renot eException;

/**
*/
public class Rl {
static Tinmer calltine;
static Tinmer testtine;
stati c Random si nul at e;

bool ean RUNNI NG = true;

A obj A = null;

B objB = null;

CobjC = null;

public void init() {

try {
obj A = (A) Nami ng. | ookup("//gi ga/ AServer");
obj B = (B) Nanmi ng. | ookup("// gi ga/ BServer");
obj C = (C) Nami ng. | ookup("//gi ga/ CServer");

} catch (Exception e) {
Systemout.println("RlL exception: " +
e. get Message());
e.printStackTrace();
RUNNI NG = fal se;

}
}
public void set_menmory() {

int val;

try {
val = obj A nenory_add(44);
Systemout.printin("MB set in server A: " + val);
val = objB. nenory_add(60);
Systemout.printin("MB set in server B. " + val);
val = obj C. nenory_add(66);
Systemout.printin("MB set in server C. " + val);

} catch (Exception e) {
Systemout.println("RlL exception: " +
e. get Message());
e.printStackTrace();
RUNNI NG = f al se;
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}
}

public void run_testl(int max_run) {

int choice = 1;

doubl e aver age;
bool ean RUN1 = true;

int count = O;
int cntl
int cnt2
int cnt3
int cnt4

| ong duration =

eeee

oS nnn

testtine.reset();

whil e (RUN1)
{
choi ce = simul ate.nextlnt(53);
calltime.reset();
try {
if (choice < 50)
{
obj A. mL();
cntl = cntl + 1;
}
else if (choice < 51)
{
obj A. n2();
obj B. mL();
cnt2 =cnt2 + 1;
}
else if (choice < 52)
{
obj C. mL();
obj C. n2();
cnt3 = cnt3 + 1;
}
else if (choice < 53)
{
obj B. n2() ;
cnt4 = cnt4d + 1,
}
el se
{
Systemout.println("Got choice out of bounds " + choice);
}
}
catch (Exception exc) {

Systemout.println("RlL exception: " +
exc. get Message());
exc. printStackTrace();
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RUN1 = fal se;

RUNNI NG = fal se;

}

calltime.stop();

duration = duration + calltine.elapsedns();
count = count + 1,

if (count < max_run)

{
try {
Thread. current Thread() . sl eep(15500);
catch (Exception inter) {
Systemout.println("Rl exception on sleep: " +
i nter.get Message());
i nter.printStackTrace();
}
}
el se
RUN1 = fal se;
}
}

testtine.stop();

Systemout.println("Test 1 duration is " + testtine.elapsed());
Systemout.println("Total nunber of calls is " + count);
Systemout.printin(" 1 Nunber of calls is + cntl);
Systemout.println(" 2 Nunber of calls is " + cnt2);
Systemout.println(" 3 Nunber of calls is + cnt 3);
Systemout.println(" 4 Number of calls is + cnt4);
average = (double) duration / (double) count;

Systemout. println("Average response tinme is " + average);
Systemout.println("");

public static void main(String s[]) {
/-k
*/

Rl test = new RL1();

calltinme = new Tinmer();

testtine = new Tinmer();

si mul ate = new Random();
test.init();

test.run_test1(848);

test.set_nenory();

Systemout.printin("");

Systemout. println("Bunping the nmenory on the servers...");
Systemout.printin("");

test.run_test1(848);
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d) R2.java

i mport java.util.Random
i mport java.rm . Nani ng;
i mport java.rm . Renot eException;

/**
*/
public class R2 {
static Tinmer calltine;
static Tinmer testtime;
stati c Random si nul at e;

bool ean RUNNI NG = true;

A obj A = null;

B objB = null;

C objC = null;

public void init() {

try {
obj A = (A) Nami ng. | ookup("// gi ga/ AServer");
obj B = (B) Nami ng. | ookup("//gi ga/ BServer");
obj C = (C) Nanmi ng. | ookup("//gi ga/ CServer");

} catch (Exception e) {
Systemout.println("R2 exception: " +
e. get Message()) ;
e.printStackTrace();
RUNNI NG = fal se;

}
}
public void set_nmenory() {

int val;

try {
val = obj A nenory_add(44);
Systemout.printin("MB set in server A: " + val);
val = obj B. nenory_add(60);
Systemout.printin("MB set in server B: " + val);
val = obj C nenory_add(66);
Systemout.printin("MB set in server C. " + val);

} catch (Exception e) {
Systemout.println("R2 exception: " +
e. get Message());
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e.printStackTrace();
RUNNI NG = fal se;

}
}

public void run_test2(int nax_run) {
int choice = 1;
doubl e aver age;
bool ean RUN2 = true;
int count = O;

int cntl = O;

int cnt2 = 0O;

int cnt3 = 0O;
0;

| ong duration =

testtine.reset();
whil e (RUN2)
{

choice = simul ate.nextlnt(74);
calltime.reset();

try {
if (choice < 10)
{

obj A. mL();
cntl = cntl + 1;

else if (choice < 50)

{
obj A. n2();
obj B. mL();
cnt2 =cnt2 + 1;
else if (choice < 74)
{
obj B. mL();
obj B. n2() ;
cnt3 = cnt3 + 1;
}
el se
{
Systemout.println("Got choice out of bounds " + choice);
}
}
catch (Exception exc) {

Systemout.println("R2 exception: " +
exc. get Message());
exc. printStackTrace();
RUN2 = fal se;
RUNNI NG = f al se;
}

calltinme.stop();
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| *
*/

duration = duration + calltine.elapsedns();
count = count + 1,
if (count < max_run)

{
try {
Thread. current Thread() . sl eep(6500);
}
catch (Exception inter) {
Systemout.println("R2 exception on sleep: " +
i nter.get Message());
inter.printStackTrace();
}
}
el se
RUN2 = fal se;
}
}

testtine.stop();

Systemout.println("Test 2 duration is " + testtine.elapsed());
Systemout.println("Total nunber of calls is " + count);
Systemout.printin(" 1 Nunber of calls is + cntl);
Systemout.println(" 2 Nunber of calls is " + cnt2);
Systemout.println(" 3 Nunber of calls is + cnt 3);

average = (double) duration / (double) count;
Systemout.println("Average response tinme is " + average);
Systemout.println("");

public static void main(String s[]) {

R2 test = new R2();

calltinme = new Tinmer();

testtine = new Tinmer();

si mul ate = new Random();
test.init();

test.run_test2(1184);

test.set_nenory();

Systemout.printin("");

Systemout. println("Bunping the nmenory on the servers...");
Systemout.println("");

test.run_test2(1184);
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e) R3. ] ava

i mport java.util.Random
i mport java.rni.Nam ng;
i mport java.rmn . Renot eException

/**
*/
public class R3 {
static Tinmer calltinme;
static Tinmer testtine;
stati ¢ Random si mul at €;

bool ean RUNNI NG = true;

A objA = null;

B objB = null;

C objC = null;

public void init() {

try {
obj A = (A) Nam ng. | ookup("//gi ga/ AServer");
obj B = (B) Nanmi ng. | ookup("// gi ga/ BServer");
obj C = (C) Nami ng. | ookup("// gi ga/ CServer");

} catch (Exception e) {
Systemout.println("R3 exception: " +
e. get Message());
e.printStackTrace();
RUNNI NG = fal se;

}
}

public void set_nmenory() {

int val;

try {
val = obj A nenory_add(44);
Systemout.println("MB set in server A: " + val);
val = obj B. nenory_add(60);
Systemout.printin("MB set in server B. " + val);
val = obj C nenory_add(66);
Systemout.printin("MB set in server C. " + val);

} catch (Exception e) {
Systemout.println("R3 exception: " +
e. get Message()) ;
e.printStackTrace();
RUNNI NG = f al se;
}
}
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public void run_test3(int nax_run) {

int choice = 1;

doubl e aver age;
bool ean RUN3 = true;

int count = O;
int cntl
int cnt2
int cnt3
int cnt4
int cntb

| ong duration =

eeeee

(<2 L | O VI ()

testtine.reset();

whil e (RUN3)
{
choi ce = simulate.nextlnt(92);
calltime.reset();
try {
if (choice < 50)
{
obj A. mL();
obj B. n2() ;
cntl = cntl + 1;
}
else if (choice < 60)
{
obj A. mL();
obj A. n2();
obj A. nB();
obj B. n2();
cnt2 =cnt2 + 1;
}
else if (choice < 90)
{
obj C. n2();
cnt3 = cnt3 + 1;
}
else if (choice < 91)
{
obj C. nB();
cnt4 = cnt4d + 1,
}
else if (choice < 92)
{
obj B. mL();
obj B. n2();
cnt5 = cnt5 + 1,
}
el se
{

Systemout.println("Got choice out of bounds " + choice);
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| *
*/

}
}

catch (Exception exc) {
System out. println("R3 exception:
exc. get Message());
exc. printStackTrace();
RUN3 = fal se;
RUNNI NG = f al se;
}
calltime.stop();
duration = duration + calltine.elapsedns();
count = count + 1;
if (count < max_run)

(L

{
try {
Thread. current Thread() . sl eep(4500);
}
catch (Exception inter) {
Systemout.println("R3 exception on sleep: " +
i nter.get Message());
i nter.printStackTrace();
}
}
el se
RUN3 = fal se;
}
}

testtine.stop();
Systemout.println("Test 3 duration is " + testtine.elapsed());
Systemout.println("Total nunber of calls is " + count);

Systemout.printin(" 1 Nurmber of calls is " + cntl);
Systemout.println(" 2 Nunmber of calls is " + cnt2);
Systemout.println(" 3 Nunmber of calls is " + cnt3);
Systemout.printin(" 4 Nunber of calls is " + cnt4);
Systemout.printin(" 5 Nunber of calls is " + cnth);
average = (double) duration / (double) count;

Systemout. println("Average response tine is " + average);

Systemout.printin("");

public static void main(String s[]) {

R3 test = new R3();

calltine = new Tinmer();
testtinme = new Timer();
simul ate = new Randon{);
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test.init();

test.run_test3(1312);

test.set_nenory();

Systemout.println("");

Systemout. println("Bunping the menory on the servers...");
Systemout.println("");

test.run_test3(1312);

5. Cient Side Code

a) Clientl.java

i mport java.awt.*;

i mport java.awt.event.*;

i mport javax.sw ng.*;

i mport java.rni.Nam ng;

i mport java.rm . Renot eException;

public class Clientl extends JPanel {
static JFrane frane;

static String al= "Button 1";
static String a2= "Button 2";
static String one B A
static String two "22";

JRadi oButton alButton, a2Button;

A objA = null;
B objB = null;
int val = 0;

public Cientl() {
/] Create the buttons.

alButton = new JRadi oButton(al);
alButt on. set Acti onComrand( one) ;
a2Button = new JRadi oButton(a2);
a2Butt on. set Acti onContand(t wo) ;

/1 Group the radio buttons.

Butt onGroup group = new ButtonG oup();
group. add(alButton);

group. add(a2Button);
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/1l Register a listener for the radio buttons.
Radi oLi st ener nyLi stener = new Radi oLi st ener();
alButt on. addActi onLi st ener (myLi st ener);
a2But t on. addAct i onLi st ener (myLi stener);

add(alButton);
add(a2Button);

}
public void init() {
try {
obj A = (A) Nam ng. | ookup("//col tsfan/ AServer");
obj B = (B) Nam ng. | ookup("//col t sfan/ BServer");

} catch (Exception e) {
Systemout.println("Clientl exception: " +
e. get Message());
e.printStackTrace();

/** An ActionListener that listens to the radio buttons. */
cl ass Radi oLi stener inplements ActionListener {
public void actionPerfornmed(ActionEvent e) {
String choice = e.getActi onCommand();
i nt choicelen = choice.length();

try {
swi tch(choi cel en) {

case 1:
obj A mL() ;
br eak;

case 2:
obj A. n2();
obj B. mL();
br eak;

defaul t:

}
}
catch (Exception exc) {
Systemout.printin("Clientl exception: " +
exc. get Message());

exc. printStackTrace();
JRadi oButton button = (JRadi oButton)e. get Source();
but t on. set Enabl ed(f al se);

}

br eak;
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}

public static void main(String s[]) {
/*
*/

Cientl panel = new Cientl();

panel .init();

frame = new JFrame("dientl");
franme. addW ndowLi st ener (new W ndowAdapter () {

public void w ndowCl osi ng( WndowEvent e) {Systemexit(0);}
1)

frane. get Cont ent Pane() . add("Center", panel);
frane. pack();
frane. set Visible(true);

}

b) Client2.java

i mport java.awt.*;

i mport java.awt.event.*;

i mport javax.sw ng.*;

i mport java.rni.Nam ng;

i mport java.rm . Renot eException;

public class Cient2 extends JPanel {
static JFrame frane;

static String al= "Button 1";
static String a2= "Button 2";
static String a3= "Button 3";
static String a4= "Button 4";
static String bl= "Button 5";
static String b2= "Button 6";
static String cl= "Button 7";
static String c2= "Button 8";
static String c3= "Button 9";
static String one = "1";
static String two = "22";
static String thr = "333";
static String fou = "4444";
static String fiv = "55555";
static String six = "666666";

static String sev = "7777777";
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static String eig
static String nin

" 88888888";
"999999999";

JRadi oButton alButton, a2Button,
JRadi oButton bl1lButton, b2Button;
JRadi oButton c1Button, c2Button,
A objA = null;

B objB = null;

CobjC = null;

int val = 0;

public dient2() {
// Create the buttons.

alButton

alButt on.

a2Butt on

a2But t on.

a3Button

a3But t on.

a4Butt on

a4But t on.

b1Button

b1Butt on.

b2But t on

b2But t on.

clButton

clButton.

c2Button
c2Button
c3Button

c3But t on.

/1 Goup

= new JRadi oButton(al);
set Act i onConmand( one) ;
= new JRadi oButton(a2);
set Act i onConmand(t wo) ;
= new JRadi oButton(a3);
set Acti onConmand(thr);
= new JRadi oButton(a4);
set Act i onConmand( f ou) ;

= new JRadi oButton(bl);
set Act i onConmand(fiv);
= new JRadi oButt on(b2);
set Act i onConmand( si X) ;

= new JRadi oButton(cl);
set Act i onConmand(sev) ;
= new JRadi oButton(c2);

. set Acti onCommand( ei g) ;

= new JRadi oButton(c3);
set Act i onConmand( ni n) ;

the radi o buttons.

a3But t on,

c3But ton;

Butt onGroup group = new ButtonG oup();
group. add(alButton);
group. add(a2Button);
group. add(a3Button);
group. add(a4Button);
group. add(b1Button);
group. add(b2But t on);
group. add(cl1Button);
group. add(c2Button);
group. add(c3Button);

a4But t on;

/! Register a listener for the radi o buttons.

207



Radi oLi st ener mnyLi st
alBut t on. addAct i onLi
a2But t on. addAct i onLi
a3But t on. addAct i onLi
a4But t on. addAct i onLi
b1Butt on. addActi onLi
b2But t on. addAct i onLi
c1But t on. addAct i onLi
c2But t on. addAct i onLi
c3But t on. addAct i onLi
add(alButton);
add(a2But ton);
add(a3Button);
add(a4Button);
add(bl1Button);
add(b2But ton);
add(clButton);
add(c2Button);
add(c3Button);
}
public void init() {
try {

obj A =

objB =

obj C =

ener = new
st ener (myLi
st ener (myLi
st ener (myLi
st ener (myLi
st ener (myLi
st ener ( myLi
st ener (myLi
st ener (myLi
st ener (myLi

} catch (Exception e) {

/** An ActionListener that listens to the radi o buttons.

cl ass Radi oLi stener inplements ActionListener {

Systemout.println("Cient2 exception

e.printStackTrace();

Radi oLi st ener ();
st ener);
st ener);
st ener);
st ener);
st ener);
st ener);
st ener);
st ener);
st ener);

e. get Message());

public void actionPerformed(Acti onEvent e) {
e. get Acti onCommand() ;

String choice =

int choicelen = choice.length();

try {
swi tch(choicel en) {

case 1:
obj C. mL();
obj C. n2();
br eak;

case 2:
obj C. nB();
br eak;
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case 3:
obj C. n2();
br eak;

case 4.
obj C. nB();
br eak;

case 5:
obj A. mL();
obj B. n2() ;
br eak;

case 6:
obj B. n2() ;
br eak;

case 7:
obj A. mi();
br eak;

case 8:
obj C. mB()
obj A. mB()
br eak;

case 9:

br eak;

}

catch (Exception exc) {
Systemout.printin("Client2 exception: " +
exc. get Message() ) ;
exc. printStackTrace();
JRadi oButton button = (JRadi oButton)e. get Source();
but t on. set Enabl ed(f al se);

}
}
}
public static void main(String s[]) {
/*
*/

Client2 panel = new Cient2();

panel .init();

frame = new JFrame("dient2");
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franme. addW ndowLi st ener (new W ndowAdapter () {
public void wi ndowC osi ng( WndowEvent e) {Systemexit(0);}
1)

frane. get Cont ent Pane() . add("Center", panel);
franme. pack();
frane. setVisible(true);

}

C) Client3.java

i mport java.awt.*;

i mport java.awt.event.*;

i mport javax.sw ng.*;

i mport java.rni.Nam ng;

i mport java.rm . Renot eException;

public class Cient3 extends JPanel {
static JFrane frane;

static String al= "Button 1";
static String a2= "Button 2";
static String a3= "Button 3";
static String one = "1";
static String two = "22";
static String thr = "333";

JRadi oButton alButton, a2Button, a3Button;

B objB = null;
CobjC = null;
int val = 0;

public Cient3() {
// Create the buttons.

alButton = new JRadi oButton(al);
alButt on. set Acti onContmand( one) ;
a2Button = new JRadi oButton(a2);
a2But t on. set Act i onConmand(t wo) ;
a3Button = new JRadi oButton(a3);
a3But t on. set Acti onCommrand(t hr);

/!l Group the radi o buttons.

Butt onGroup group = new ButtonG oup();
group. add(alButton);

group. add(a2Button);
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group. add(a3Button);

/!l Register a listener for the radio buttons.
Radi oLi st ener nyLi stener = new Radi oLi st ener();
alButt on. addActi onLi st ener (myLi stener);
a2But t on. addAct i onLi st ener (myLi stener);
a3But t on. addAct i onLi st ener (nyLi st ener);

add(alButton);
add(a2Button);
add(a3Button);

}
public void init() {
try {
obj B = (B) Nam ng. | ookup("//col t sfan/ BServer");
obj C = (C) Nam ng. | ookup("//col tsfan/ CServer");

} catch (Exception e) {
Systemout.printin("Client3 exception: " +
e. get Message());
e.printStackTrace();

/** An ActionListener that listens to the radio buttons. */
cl ass Radi oLi stener inplenents ActionListener {
public void actionPerformed(ActionEvent e) {
String choice = e.getActi onCommand();
int choicelen = choice.length();

try {
swi tch(choicel en) {

case 1:
obj C. mL();
br eak;

case 2:

br eak;
case 3:

obj C. n2();

br eak;
defaul t:

}
}

catch (Exception exc) {
Systemout.printin("Client3 exception: " +
exc. get Message());

br eak;
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exc. printStackTrace();
JRadi oButton button = (JRadi oButton)e. get Source();
butt on. set Enabl ed(f al se);

}
}
}
public static void main(String s[]) {
/*
*/

Cient3 panel = new Client3();

panel .init();

frane = new JFrane("Cient3");
franme. addW ndowLi st ener (new W ndowAdapter () {
public void wi ndowC osi ng( WndowEvent e) {Systemexit(0);}
1)
frane. get Cont ent Pane() .add("Center", panel);
franme. pack();
frane. set Visible(true);

}

d) Profile.java

aspect Profile {

poi ntcut mell ons(java. awt.event. Acti onEvent event): executions(*
actionPerforned (event));
poi ntcut ball sA(A Aobj): calls(* Aobj.*(..));
poi ntcut ballsB(B Bobj): calls(* Bobj.*(..));
poi ntcut ballsC(C Cobj): calls(* Cobj.*(..));
bef ore(j ava. awt. event. Acti onEvent event): nellons(event) {
Systemout.println(" *** Event Start at " +
SystemcurrentTineM I 1is());
System out. println(thisJoinPoint);
System out. println(event);

after(java. awt. event. Acti onEvent event): nellons(event) {
Systemout.printin(" *** Event End " );
System out. println();

}
bef ore(A Aobj): ball sA(Aobj) {
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System out. println(thisJoinPoint);

}
bef ore(B Bobj): ballsB(Bobj) ({
System out . printl n(thisJoinPoint);

}
bef ore(C Cobj): ballsC(Cobj) {

System out. println(thisJoinPoint);
}

}
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APPENDI X C

A DETAI LED EXPERI MENTAL RESULTS

This section is a detailed listing of the actual
nunbers neasured from the experinents in the testbed. Sone
of the tables listed earlier where collected from these
t abl es.

1. 4 Concurrent Users, Role 2 (M ninmal Menory)

Table67: Concurrent User 1 of 4 for Role2 (Minimal Memory)

PATTERN|SERVER A|JSERVER B|SERVER C| ROLE2-1 | CALL1 | CALL 2| CALL 3

1 GIGA GIGA GIGA 14451.689] 176 649 359

GIGA GIGA BR733 11655.629, 187 640 357
3 GIGA BR733 GIGA 11761.639] 174 631 379
4 GIGA BR733 BR733 14199.362] 175 647 362
5 BR733 GIGA GIGA 11660.064] 144 632 408
6 BR733 GIGA BR733 11774.479 151 646 387
7 BR733 BR733 GIGA 16772.198) 155 678 351
8 BR733 BR733 BR733 21161.106| 177 615 392
9 GIGA GIGA SIX 12672.601| 156 633 395
10 GIGA SIX GIGA 14173.722| 162 646 376
11 GIGA SIX SIX 18818.979] 176 607 401
12 SIX GIGA GIGA 12209.472) 169 625 390
13 SIX GIGA SIX 13791.529| 168 628 388
14 SIX SIX GIGA 20606.696[ 176 631 377
15 SIX SIX SIX 28740.316] 136 638 387
16 BR733 BR733 SIX 17456.344| 159 649 376
17 BR733 SIX BR733 15346.151) 173 653 358
18 BR733 SIX SIX 18496.188| 166 654 364
19 SIX BR733 BR733 15987.398| 171 609 404
20 SIX BR733 SIX 15239.851| 179 621 384
21 SIX SIX BR733 22227.631f 163 636 385
22 GIGA BR733 SIX 11549.421) 156 656 372
23 GIGA SIX BR733 14235.364] 157 617 410
24 BR733 GIGA SIX 10365.736] 155 630 399
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25 BR733 SIX GIGA 14139.427| 148 663 373
26 SIX GIGA BR733 10571.078| 159 661 364
27 SIX BR733 GIGA 12565.601] 161 630 393
Table68: Concurrent User 2 of 4 for Role 2 (Minimal Memory)
PATTERN|SERVER A|SERVER B|SERVER C| ROLE2-2 | CALL 1 | CALL 2 | CALL 3
1 GIGA GIGA GIGA 14545.361| 155 635 394
2 GIGA GIGA BR733 11819.111] 164 645 375
3 GIGA BR733 GIGA 11815.286| 152 638 394
4 GIGA BR733 BR733 14774.072| 155 650 379
5 BR733 GIGA GIGA 11346.611 150 653 381
6 BR733 GIGA BR733 11760.701] 157 630 397
7 BR733 BR733 GIGA 17227.631] 159 630 395
8 BR733 BR733 BR733 21403.992| 170 620 394
9 GIGA GIGA SIX 12505.802] 151 639 394
10 GIGA SIX GIGA 14480.084| 163 621 400
11 GIGA SIX SIX 18019.294| 162 661 361
12 SIX GIGA GIGA 12096.166| 163 625 396
13 SIX GIGA SIX 14411.424| 146 636 402
14 SIX SIX GIGA 20762.944] 171 618 395
15 SIX SIX SIX 28669.331| 135 621 398
16 BR733 BR733 SIX 17350.652| 168 635 381
17 BR733 SIX BR733 16275.682] 162 615 407
18 BR733 SIX SIX 18960.491| 156 649 379
19 SIX BR733 BR733 15648.187| 161 666 357
20 SIX BR733 SIX 15558.432] 159 649 371
21 SIX SIX BR733 21830.567| 162 648 374
22 GIGA BR733 SIX 11654.785| 161 653 370
23 GIGA SIX BR733 13402.626| 170 673 341
24 BR733 GIGA SIX 10350.559| 152 635 397
25 BR733 SIX GIGA 14375.937| 145 657 382
26 SIX GIGA BR733 10785.552] 162 604 418
27 SIX BR733 GIGA 12905.591| 149 630 405
Table69: Concurrent User 3 of 4 for Role 2 (Minimal Memory)
PATTERN|SERVER A|SERVER B|SERVER C| ROLE2-3 | CALL 1 | CALL 2 | CALL 3
1 GIGA GIGA GIGA 14823.641 153 652 379
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2 GIGA GIGA BR733 11663.735] 157 655 372
3 GIGA BR733 GIGA 11708.873| 172 623 389
4 GIGA BR733 | BR733 14195511 162 648 374
5 BR733 GIGA GIGA 11233.892| 157 641 386
6 BR733 GIGA BR733 11404.122| 177 628 379
7 BR733 | BR733 GIGA 17289.391| 137 661 386
8 BR733 | BR733 | BR733 20935.519| 159 661 364
9 GIGA GIGA SIX 11911.613| 142 691 351
10 GIGA SIX GIGA 14230.758| 151 647 386
11 GIGA SIX SIX 18921.204| 159 628 392
12 SIX GIGA GIGA 11772.084| 167 628 389
13 SIX GIGA SIX 13689.168| 148 647 389
14 SIX SIX GIGA 20817.592| 163 642 379
15 SIX SIX SIX 27637.496| 175 623 386
16 BR733 | BR733 SIX 17407.274| 170 619 395
17 BR733 SIX BR733 15552.021 162 629 393
18 BR733 SIX SIX 18821.888| 167 636 381
19 SIX BR733 | BR733 15248.937| 162 651 371
20 SIX BR733 SIX 15419.307| 149 654 381
21 SIX SIX BR733 22058.594| 148 630 406
22 GIGA BR733 SIX 11092.807| 178 648 358
23 GIGA SIX BR733 13639.815| 160 670 354
24 BR733 GIGA SIX 9915.239| 156 647 381
25 BR733 SIX GIGA 14153.888| 158 620 406
26 SIX GIGA BR733 10428.958| 148 661 375
27 SIX BR733 GIGA 12638.207| 143 655 386
Table 70: Concurrent User 4 of 4 for Role 2 (Minimal Memory)
PATTERN|SERVER A|SERVER B|SERVER C| ROLE 2-4 | CALL 1 | CALL 2 | CALL 3
1 GIGA GIGA GIGA 14592.881 154 645 385
2 GIGA GIGA BR733 11845.931] 161 608 415
3 GIGA BR733 GIGA 11559.884| 152 663 369
4 GIGA BR733 | BR733 14163.937| 160 651 373
5 BR733 GIGA GIGA 11100.644| 147 642 395
6 BR733 GIGA BR733 11727.157| 171 598 415
7 BR733 | BR733 GIGA 16977.487| 158 637 389
8 BR733 | BR733 | BR733 21038.068| 163 651 370
9 GIGA GIGA SIX 12330.296| 137 663 384
10 GIGA SIX GIGA 14325.713| 147 660 377
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11 GIGA SIX SIX 17753.542| 167 670 347
12 SIX GIGA GIGA 12063.461| 138 619 427
13 SIX GIGA SIX 13647.399| 143 666 375
14 SIX SIX GIGA 21326.932| 138 662 384
15 SIX SIX SIX 27430.582| 160 671 353
16 BR733 BR733 SIX 17412.761] 162 636 386
17 BR733 SIX BR733 15462.453| 162 651 371
18 BR733 SIX SIX 19766.926| 149 635 388
19 SIX BR733 BR733 15725.789| 164 632 388
20 SIX BR733 SIX 15411.685 162 642 380
21 SIX SIX BR733 22485.427| 136 649 399
22 GIGA BR733 SIX 11800.525| 163 630 391
23 GIGA SIX BR733 13678.247| 174 634 376
24 BR733 GIGA SIX 10174.872] 159 622 403
25 BR733 SIX GIGA 13687.979| 164 657 363
26 SIX GIGA BR733 10391.285 146 671 367
27 SIX BR733 GIGA 12168.697| 167 652 365
2. 4 Concurrent Users, Role 2 (Maxi num Menory)

Table 71: Concurrent User 1 of 4 for Role 2 (Maximum Memory)

PATTERN|SERVER A[SERVER B|SERVER C| ROLE 2-1| CALL 1| CALL 2| CALL 3
1 GIGA GIGA GIGA 14883.671| 158 648 378
2 GIGA GIGA BR733 12132.167| 155 646 383
3 GIGA BR733 GIGA 12009.064| 154 630 400
4 GIGA BR733 BR733 15056.073| 150 632 402
5 BR733 GIGA GIGA 11183.435 154 638 392
6 BR733 GIGA BR733 11263.501| 186 638 360
7 BR733 BR733 GIGA 16864.718| 166 634 384
8 BR733 BR733 BR733 21332.836] 151 649 384
9 GIGA GIGA SIX 12595.811| 143 627 414
10 GIGA SIX GIGA 14243.983] 156 643 385
11 GIGA SIX SIX error| error error error
12 SIX GIGA GIGA 11924.226| 154 629 401
13 SIX GIGA SIX error| error error error
14 SIX SIX GIGA error| error error error
15 SIX SIX SIX error[ error error error
16 BR733 BR733 SIX 17713.959| 157 629 398
17 BR733 SIX BR733 15740.461| 149 659 376
18 BR733 SIX SIX error| error error error
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19 SIX BR733 BR733 15621.095 151 649 388
20 SIX BR733 SIX error| error error error
21 SIX SIX BR733 error| error error error
22 GIGA BR733 SIX 11644.662| 164 650 370
23 GIGA SIX BR733 14034.273| 169 617 398
24 BR733 GIGA SIX 10280.603] 171 603 410
25 BR733 SIX GIGA 14339.144| 155 627 402
26 SIX GIGA BR733 10798.431| 154 650 380
27 SIX BR733 GIGA 12519.662| 149 669 366

Table 72: Concurrent User 2 of 4 for Role 2 (Maximum Memory)

PATTERN|SERVER A[SERVER B|SERVER C| ROLE2-2 | CALL 1| CALL 2| CALL 3
1 GIGA GIGA GIGA 14933.714 152 634 398
2 GIGA GIGA BR733 12020.929 146 653 385
3 GIGA BR733 GIGA 11648.953 177 628 379
4 GIGA BR733 BR733 14670.187 170 620 394
5 BR733 GIGA GIGA 11445.787 152 621 411
6 BR733 GIGA BR733 11170.028 182 648 354
7 BR733 BR733 GIGA 16622.558 180 641 363
8 BR733 BR733 BR733 21044.405 142 683 359
9 GIGA GIGA SIX 12136.321 164 677 343
10 GIGA SIX GIGA 13979.017 164 653 367
11 GIGA SIX SIX error error error error
12 SIX GIGA GIGA 11810.413 153 669 362
13 SIX GIGA SIX error error error error
14 SIX SIX GIGA error error error error
15 SIX SIX SIX error error error error
16 BR733 BR733 SIX 17526.961 162 655 367
17 BR733 SIX BR733 14876.307 191 651 342
18 BR733 SIX SIX error error error error
19 SIX BR733 BR733 15820.009 148 650 386
20 SIX BR733 SIX error error error error
21 SIX SIX BR733 error error error error
22 GIGA BR733 SIX 11641.059 173 631 380
23 GIGA SIX BR733 14130.437 174 623 387
24 BR733 GIGA SIX 10323.572 156 623 405
25 BR733 SIX GIGA 14028.612 160 646 378
26 SIX GIGA BR733 10569.229 177 638 369
27 SIX BR733 GIGA 12379.026 163 646 375
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Table 73: Concurrent User 3 of 4 for Role 2 (Maximum Memory)

PATTERN|SERVER A[SERVER B|SERVER C| ROLE 2-3 | CALL 1| CALL 2| CALL 3
1 GIGA GIGA GIGA 14860.921 159 621 404
2 GIGA GIGA BR733 11971.122 160 628 396
3 GIGA BR733 GIGA 11876.305 143 643 398
4 GIGA BR733 BR733 14221.736 178 637 369
5 BR733 GIGA GIGA 11172.515 155 623 406
6 BR733 GIGA BR733 11452.427 156 647 381
7 BR733 BR733 GIGA 16790.307 171 618 395
8 BR733 BR733 BR733 20901.703 172 644 368
9 GIGA GIGA SIX 12233.711 157 653 374
10 GIGA SIX GIGA 14275.818 159 631 394
11 GIGA SIX SIX error error error error
12 SIX GIGA GIGA 11834.329 156 649 379
13 SIX GIGA SIX error error error error
14 SIX SIX GIGA error error error error
15 SIX SIX SIX error error error error
16 BR733 BR733 SIX 17705.823 154 620 410
17 BR733 SIX BR733 15442.351 161 655 368
18 BR733 SIX SIX error error error error
19 SIX BR733 BR733 15515.414 159 646 379
20 SIX BR733 SIX error error error error
21 SIX SIX BR733 error error error error
22 GIGA BR733 SIX 11214.995 179 639 366
23 GIGA SIX BR733 14339.631 156 632 396
24 BR733 GIGA SIX 9854.642 157 669 358
25 BR733 SIX GIGA 13729.628 155 658 371
26 SIX GIGA BR733 10651.652 164 636 384
27 SIX BR733 GIGA 12399.781 149 638 397

Table 74: Concurrent User 4 of 4 for Role 2 (Maximum Memory)

PATTERN|SERVER A|SERVER B|SERVER C| ROLE2-4 | CALL1 | CALL 2| CALL 3
1 GIGA GIGA GIGA 15033.478 135 648 401
2 GIGA GIGA BR733 | 11583.931 183 638 363
3 GIGA BR733 GIGA 11803.527 154 620 410
4 GIGA BR733 BR733 | 14612.986 144 656 384
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5 BR733 GIGA GIGA 11282.204 159 648 377
6 BR733 GIGA BR733 11505.982 151 645 388
7 BR733 BR733 GIGA 16999.747 161 630 393
8 BR733 BR733 BR733 21080.549 163 647 374
9 GIGA GIGA SIX 12230.774 139 663 382
10 GIGA SIX GIGA 13991.415 182 619 383
11 GIGA SIX SIX error error error error
12 SIX GIGA GIGA 11703.954 165 637 382
13 SIX GIGA SIX error error error error
14 SIX SIX GIGA error error error error
15 SIX SIX SIX error error error error
16 BR733 BR733 SIX 17570.856 150 650 384
17 BR733 SIX BR733 15712.248 162 634 388
18 BR733 SIX SIX error error error error
19 SIX BR733 BR733 15055.717 168 657 359
20 SIX BR733 SIX error error error error
21 SIX SIX BR733 error error error error
22 GIGA BR733 SIX 11437.994 176 612 396
23 GIGA SIX BR733 14284.486 145 649 390
24 BR733 GIGA SIX 10342.034 161 596 427
25 BR733 SIX GIGA 14122.083 155 658 371
26 SIX GIGA BR733 10768.916 154 640 390
27 SIX BR733 GIGA 12196.652 179 624 381

3. 3 Concurrent Users, Role 3 (Mniml Menory)

Table 75: Concurrent User 1 of 3for Role 3 (Minimal Memory)

PATTERN| SERVER A [SERVER B|SERVER C|ROLE 3 -1|CALL 1|CALL 2|CALL 3|CALL 4[CALL 5
1 GIGA GIGA GIGA 16246.644| 686 151 446 17 12
2 GIGA GIGA BR733 13963.951| 725 142 417 13 15
3 GIGA BR733 GIGA 13267.373| 724 154 403 15 16
4 GIGA BR733 BR733 20505.252| 714 136 437 14 11
5 BR733 GIGA GIGA 14818.586| 719 146 421 7 19
6 BR733 GIGA BR733 15865.816| 720 148 415 13 16
7 BR733 BR733 GIGA 13827.755| 738 148 405 8 13
8 BR733 BR733 BR733 23604.802[ 725 142 412 20 13
9 GIGA GIGA SIX 16739.459 683 140 467 16 16
10 GIGA SIX GIGA 14250.071| 711 125 445 14 17
11 GIGA SIX SIX 26007.719[ 739 125 419 10 19
12 SIX GIGA GIGA 14858.469] 699 150 444 14 5
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13 SIX GIGA SIX 19012.541] 697 | 140 | 444 18 13
14 SIX SIX GIGA |16098.039] 692 | 160 | 431 13 16
15 SIX SIX SIX 29812.155| 717 | 150 | 411 16 18
16 BR733 BR733 SIX 18284.001) 717 | 139 | 428 11 17
17 BR733 SIX BR733 | 17787.777| 743 | 123 | 412 12 13
18 BR733 SIX SIX 25697.396| 698 | 145 | 433 20 16
19 SIX BR733 BR733 |20879.311| 717 | 144 | 418 12 21
20 SIX BR733 SIX 20165.539| 729 | 128 | 429 11 15
21 SIX SIX BR733 | 18058.069| 706 | 148 | 430 15 13
22 GIGA BR733 SIX 16990.915| 706 | 152 | 423 18 13
23 GIGA SIX BR733 |16013.648| 704 | 146 | 434 15 13
24 BR733 GIGA SIX 16122.025| 737 | 137 | 412 15 11
25 BR733 SIX GIGA |13837.391] 701 | 150 | 433 12 16
26 SIX GIGA BR733 | 13986.045 703 | 155 | 428 14 12
27 SIX BR733 GIGA | 12540.704] 682 | 143 | 463 10 14
Table 76: Concurrent User 2 of 3for Role 3 (Minimal Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 2|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA [15990.752| 713 | 138 | 422 26 13
2 GIGA GIGA BR733 [13780.454| 709 | 140 | 432 18 13
3 GIGA BR733 GIGA [13007.495| 715 | 147 | 431 6 13
4 GIGA BR733 BR733 |20389.089| 692 | 152 | 438 15 15
5 BR733 GIGA GIGA [14589.387| 730 | 138 | 424 10 10
6 BR733 GIGA BR733 |15706.083| 730 | 159 | 401 10 12
7 BR733 BR733 GIGA [13480.751| 715 | 142 | 413 20 22
8 BR733 BR733 BR733 |22883.931| 671 | 135 | 473 17 16
9 GIGA GIGA SIX 16625.179| 674 | 151 | 453 19 15
10 GIGA SIX GIGA [14309.093| 735 | 135 | 412 14 16
11 GIGA SIX SIX 25509.683| 694 | 134 | 441 19 24
12 SIX GIGA GIGA  [14398.454| 714 | 126 | 445 18 9
13 SIX GIGA SIX 19080.243| 725 | 148 | 407 13 19
14 SIX SIX GIGA |15888.729| 727 | 139 | 415 13 18
15 SIX SIX SIX 29696.247| 726 | 151 | 403 20 12
16 BR733 BR733 SIX 18161.879| 698 | 132 | 451 13 18
17 BR733 SIX BR733 [17807.723| 700 | 163 | 421 13 15
18 BR733 SIX SIX 25797.531| 735 | 129 | 426 10 12
19 SIX BR733 BR733 |20826.849| 717 | 156 | 413 15 11
20 SIX BR733 SIX 19780.252| 719 | 145 | 411 20 17
21 SIX SIX BR733 |17877.428| 747 | 124 | 406 14 21
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22 GIGA BR733 SIX 16821.708| 702 | 144 | 435 16 15

23 GIGA SIX BR733 |16154.549| 748 | 138 | 400 11 15

24 BR733 GIGA SIX 16020.247| 706 | 148 | 428 15 15

25 BR733 SIX GIGA |13576.473| 713 | 147 | 429 12 11

26 SIX GIGA BR733 |13781.478| 746 | 120 | 423 15 8

27 SIX BR733 GIGA [12305.581| 734 | 134 | 415 18 11
Table 77: Concurrent User 3 of 3for Role3 (Minimal Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 3|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA |15698.527| 689 | 118 | 468 18 19
2 GIGA GIGA BR733 [14033.453| 711 | 146 | 431 14 10
3 GIGA BR733 GIGA [12923.765| 684 | 158 | 442 11 17
4 GIGA BR733 BR733 |20352.082| 746 | 118 | 430 10 8
5 BR733 GIGA GIGA  [14435.768| 737 | 137 | 409 16 13
6 BR733 GIGA BR733 |15617.443| 697 | 162 | 424 15 14
7 BR733 BR733 GIGA [13539.598| 706 | 148 | 426 21 11
8 BR733 BR733 BR733 |23471.339| 724 | 154 | 397 19 18
9 GIGA GIGA SIX 16547.723| 731 | 143 | 414 13 11
10 GIGA SIX GIGA [14184.269| 725 | 135 | 427 11 14
11 GIGA SIX SIX 25782.595| 732 | 133 | 414 18 15
12 SIX GIGA GIGA  [14402.232| 692 | 136 | 450 19 15
13 SIX GIGA SIX 18996.226| 691 | 152 | 444 12 13
14 SIX SIX GIGA |15594.872| 726 | 136 | 420 20 10
15 SIX SIX SIX 31538.926| 737 | 156 | 387 9 10
16 BR733 BR733 SIX 17985.032| 688 | 141 | 440 22 21
17 BR733 SIX BR733 |17443.265| 689 | 148 | 449 17 9
18 BR733 SIX SIX 26176.596| 701 | 160 | 422 13 16
19 SIX BR733 BR733 |20493.055| 699 | 143 | 446 15 9
20 SIX BR733 SIX 19698.997| 702 | 138 | 448 13 11
21 SIX SIX BR733 [18225.848| 728 | 148 | 408 16 12
22 GIGA BR733 SIX 16988.883| 713 | 155 | 417 11 16
23 GIGA SIX BR733 |15809.621| 708 | 137 | 438 16 13
24 BR733 GIGA SIX 15952.375| 702 | 142 | 432 18 18
25 BR733 SIX GIGA [13572.124| 702 | 159 | 423 19 9
26 SIX GIGA BR733 [13750.369| 706 | 144 | 431 17 14
27 SIX BR733 GIGA |12617.786| 658 | 166 | 463 11 14
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4.

4 Concurrent Users,

Rol e 3 ( Maxi num Menory)

Table 78: Concurrent User 1 of 3for Role 3 (Maximum Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3-1|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA error| error | error error error | error
2 GIGA GIGA BR733 14336.699| 754 152 376 16 14
3 GIGA BR733 GIGA 13136.291 727 128 433 11 13
4 GIGA BR733 BR733 20606.278| 742 129 413 11 17
5 BR733 GIGA GIGA 14543.911| 709 149 428 15 11
6 BR733 GIGA BR733 15417.885( 718 139 418 20 17
7 BR733 BR733 GIGA 13574.957| 728 141 422 12 9
8 BR733 BR733 BR733 error| error | error error error | error
9 GIGA GIGA SIX 16629.311| 688 139 446 21 18
10 GIGA SIX GIGA 14533.179| 703 147 438 14 10
11 GIGA SIX SIX error| error | error error error | error
12 SIX GIGA GIGA 14478.122| 699 147 443 11 12
13 SIX GIGA SIX error| error | error error error | error
14 SIX SIX GIGA error| error | error error | error | error
15 SIX SIX SIX error| error | error error | error | error
16 BR733 BR733 SIX 17908.587| 695 146 441 14 16
17 BR733 SIX BR733 17659.799| 691 150 444 13 14
18 BR733 SIX SIX error| error | error error | error | error
19 SIX BR733 BR733 20548.803| 697 137 443 17 18
20 SIX BR733 SIX error| error | error error | error | error
21 SIX SIX BR733 error| error | error error error | error
22 GIGA BR733 SIX 16868.892| 688 143 448 21 12
23 GIGA SIX BR733 15946.944| 748 137 393 17 17
24 BR733 GIGA SIX 16299.425| 729 128 431 15 9
25 BR733 SIX GIGA 13717.001| 771 130 381 14 16
26 SIX GIGA BR733 13666.717[ 699 132 448 19 14
27 SIX BR733 GIGA 12509.669| 712 142 419 20 19

Table 79: Concurrent User 2 of 3for Role 3 (Maximum Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 2|CALL 1{CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA error| error | error error error | error
2 GIGA GIGA BR733 13931.844| 740 127 430 7 8
3 GIGA BR733 GIGA 13359.789| 741 147 400 11 13
4 GIGA BR733 BR733 20473.864| 717 137 431 14 13
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5 BR733 GIGA GIGA 14527.849| 753 135 393 15 16
6 BR733 GIGA BR733 15432.652| 677 150 452 18 15
7 BR733 BR733 GIGA 13561.104| 700 152 431 16 13
8 BR733 BR733 BR733 error| error | error error error | error
9 GIGA GIGA SIX 16576.898| 731 143 411 14 13
10 GIGA SIX GIGA 14572.614| 714 165 412 13 8
11 GIGA SIX SIX error| error | error error error | error
12 SIX GIGA GIGA 14451.922| 726 129 428 20 9
13 SIX GIGA SIX error| error | error error error | error
14 SIX SIX GIGA error| error | error error error | error
15 SIX SIX SIX error| error | error error error | error
16 BR733 BR733 SIX 18006.809| 729 138 422 13 10
17 BR733 SIX BR733 17742.296| 695 165 427 12 13
18 BR733 SIX SIX error| error | error error error | error
19 SIX BR733 BR733 20672.288| 688 164 428 14 18
20 SIX BR733 SIX error| error | error error error | error
21 SIX SIX BR733 error| error | error error error | error
22 GIGA BR733 SIX 16973.796| 700 143 444 15 10
23 GIGA SIX BR733 15710.841| 685 137 449 21 20
24 BR733 GIGA SIX 16165.136| 728 123 429 15 17
25 BR733 SIX GIGA 13847.558| 718 164 388 19 23
26 SIX GIGA BR733 13761.348| 741 133 401 20 17
27 SIX BR733 GIGA 12420.361| 711 141 425 18 17
Table 80: Concurrent User 3 of 3for Role 3 (Maximum Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 3|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA error| error | error | error | error | error
2 GIGA GIGA BR733 14048.615| 712 147 421 14 18
3 GIGA BR733 GIGA 13455.508| 739 164 380 17 12
4 GIGA BR733 BR733 20540.406| 736 142 416 8 10
5 BR733 GIGA GIGA 14343.026| 728 127 420 18 19
6 BR733 GIGA BR733 15312.208| 703 135 443 15 16
7 BR733 BR733 GIGA 13310.879| 714 137 439 9 13
8 BR733 BR733 BR733 error| error | error error error | error
9 GIGA GIGA SIX 16640.138| 698 142 438 14 20
10 GIGA SIX GIGA 14336.485| 726 126 430 13 17
11 GIGA SIX SIX error| error | error error | error | error
12 SIX GIGA GIGA 14422.797( 691 138 454 13 16
13 SIX GIGA SIX error| error | error error error | error
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14 SIX SIX GIGA error| error | error | error | error | error
15 SIX SIX SIX error| error | error error error | error
16 BR733 BR733 SIX 17946.477| 713 132 429 23 15
17 BR733 SIX BR733 17508.559| 730 129 424 17 12
18 BR733 SIX SIX error| error | error | error | error | error
19 SIX BR733 BR733 20936.006| 728 151 403 13 17
20 SIX BR733 SIX error| error | error error error | error
21 SIX SIX BR733 error| error | error error error | error
22 GIGA BR733 SIX 16847.396| 751 108 435 10 8
23 GIGA SIX BR733 15828.061| 727 139 416 15 15
24 BR733 GIGA SIX 16106.642| 715 136 420 26 15
25 BR733 SIX GIGA 13501.525| 683 166 427 22 14
26 SIX GIGA BR733 13644.586| 714 144 418 18 18
27 SIX BR733 GIGA 12513.811| 664 175 442 15 16
5. 28 Concurrent Users, Role 1 (M nimal Menory)
Table81: Concurrent User 1 of 28 for Role 1 (Minimal Memory)
PATTERN| SERVER A |SERVER B|SERVER C|ROLE 1 - 1{CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9178.232| 802 16 12 18
2 GIGA GIGA BR733 5109.871] 796 21 16 15
3 GIGA BR733 GIGA 4476.100| 797 21 20 10
4 GIGA BR733 BR733 3740.086] 804 13 12 19
5 BR733 GIGA GIGA 6911.242| 797 10 21 20
6 BR733 GIGA BR733 14202.297| 797 22 11 18
7 BR733 BR733 GIGA 11186.045( 792 20 14 22
22 GIGA BR733 SIX 3635.077| 798 14 17 19
23 GIGA SIX BR733 3085.810] 790 25 23 10
24 BR733 GIGA SIX 7539.690| 791 16 21 20
25 BR733 SIX GIGA 6787.718| 802 12 16 18
26 SIX GIGA BR733 11260.134| 796 18 14 20
27 SIX BR733 GIGA 11918.283| 806 13 14 15
Table82: Concurrent User 2 of 28 for Role 1 (Minimal Memory)
PATTERN| SERVER A |SERVER B|SERVER C|ROLE 1 - 2[CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 8603.737| 814 12 11 11
2 GIGA GIGA BR733 4905.586| 802 11 20 15
3 GIGA BR733 GIGA 4319.667| 802 15 15 16

226




4 GIGA BR733 BR733 4007.496| 798 16 23 11
5 BR733 GIGA GIGA 6989.296 798 17 13 20
6 BR733 GIGA BR733 | 14125.902| 804 17 14 13
7 BR733 BR733 GIGA |10845.575 803 19 13 13
22 GIGA BR733 SIX 3143.351] 811 12 10 15
23 GIGA SIX BR733 2911.742| 804 18 11 15
24 BR733 GIGA SIX 7355.007| 805 9 19 15
25 BR733 SIX GIGA 6773.290| 805 14 14 15
26 SIX GIGA BR733 | 11120.612| 804 14 10 20
27 SIX BR733 GIGA | 12275.413| 797 22 17 12
Table 83: Concurrent User 3 of 28 for Role 1 (Minimal Memory)
PATTERN| SERVER A [SERVER B|SERVER C|ROLE 1 - 3|CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9676.354] 791 21 20 16
2 GIGA GIGA BR733 4680.572| 809 9 18 12
3 GIGA BR733 GIGA 4137.342| 812 13 13 10
4 GIGA BR733 BR733 3788.418| 797 17 19 15
5 BR733 GIGA GIGA 6971.090| 803 14 13 18
6 BR733 GIGA BR733 | 15191.259| 787 21 21 19
7 BR733 BR733 GIGA |10826.670| 796 18 21 13
22 GIGA BR733 SIX 3977.782| 778 27 25 18
23 GIGA SIX BR733 3106.314| 795 14 21 18
24 BR733 GIGA SIX 7381.448| 806 20 12 10
25 BR733 SIX GIGA 6847.231| 805 15 13 15
26 SIX GIGA BR733 | 11139.519| 802 15 15 16
27 SIX BR733 GIGA |12112.728| 803 16 22 7
Table 84: Concurrent User 4 of 28 for Role 1 (Minimal Memory)
PATTERN| SERVER A [SERVER B|SERVER C|ROLE 1 - 4|CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9139.573| 811 6 20 11
2 GIGA GIGA BR733 5077.018 796 18 19 15
3 GIGA BR733 GIGA 4298.608| 802 13 22 11
4 GIGA BR733 BR733 3894.329| 795 20 17 16
5 BR733 GIGA GIGA 7172.389| 803 23 10 12
6 BR733 GIGA BR733 | 14517.008| 797 16 17 18
7 BR733 BR733 GIGA |10864.498| 798 14 17 19
22 GIGA BR733 SIX 3661.555] 790 19 25 14
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23 GIGA SIX BR733 2889.429| 806 11 16 15
24 BR733 GIGA SIX 7399.542| 806 13 10 19
25 BR733 SIX GIGA 6783.554| 807 12 11 18
26 SIX GIGA BR733 | 11168.942| 803 16 14 15
27 SIX BR733 GIGA |12101.691] 803 16 16 13
Table 85: Concurrent User 5of 28 for Role 1 (Minimal Memory)
PATTERN| SERVER A [SERVER B|SERVER C|ROLE 1 - 5|CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9279.203| 802 19 13 14
2 GIGA GIGA BR733 4920.733| 797 24 16 11
3 GIGA BR733 GIGA 4157.761| 806 12 13 17
4 GIGA BR733 BR733 3784.397| 800 16 16 16
5 BR733 GIGA GIGA 6913.417| 815 14 11 8
6 BR733 GIGA BR733 | 14561.282| 800 19 15 14
7 BR733 BR733 GIGA [11051.554] 795 20 16 17
22 GIGA BR733 SIX 3504.259| 808 15 15 10
23 GIGA SIX BR733 3077.257| 791 18 21 18
24 BR733 GIGA SIX 7384.009| 801 18 17 14
25 BR733 SIX GIGA 6936.248| 801 22 12 13
26 SIX GIGA BR733 | 10824.664] 805 8 13 22
27 SIX BR733 GIGA |11999.006| 802 13 21 12
Table 86: Concurrent User 6 of 28 for Role 1 (Minimal Memory)
PATTERN| SERVER A [SERVER B|SERVER C|ROLE 1 - 6|CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA |10070.017| 790 15 25 18
2 GIGA GIGA BR733 5020.764] 798 14 20 16
3 GIGA BR733 GIGA 4168.264| 807 13 12 16
4 GIGA BR733 BR733 3698.759| 799 20 12 17
5 BR733 GIGA GIGA 7201.873| 789 22 14 23
6 BR733 GIGA BR733 | 14330.079| 804 13 15 16
7 BR733 BR733 GIGA |10995.596| 794 13 17 24
22 GIGA BR733 SIX 3549.955| 796 15 16 21
23 GIGA SIX BR733 3038.972| 799 17 11 21
24 BR733 GIGA SIX 7420.456 793 16 12 27
25 BR733 SIX GIGA 6832.768| 797 20 19 12
26 SIX GIGA BR733 | 11053.914] 800 12 18 18
27 SIX BR733 GIGA | 12072.745| 807 16 13 12
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Table 87: Concurrent User 7 of 28 for Role 1 (Minimal Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 1 - 7|CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9612.802| 797 16 20 15
2 GIGA GIGA BR733 4966.394| 801 13 11 23
3 GIGA BR733 GIGA 4184.125 803 15 13 17
4 GIGA BR733 BR733 3820.460 799 21 17 11
5 BR733 GIGA GIGA 7011.368| 794 12 27 15
6 BR733 GIGA BR733 | 14333.894| 798 20 12 18
7 BR733 BR733 GIGA |11086.953| 794 19 14 21
22 GIGA BR733 SIX 3721.844| 803 13 15 17
23 GIGA SIX BR733 2928.159| 805 17 6 20
24 BR733 GIGA SIX 7518.795| 805 18 17 8
25 BR733 SIX GIGA 6874.393| 786 19 18 25
26 SIX GIGA BR733 | 11154.059| 802 14 17 15
27 SIX BR733 GIGA | 12192.624] 799 20 11 18

Table 88: Concurrent User 8 of 28 for Role 1 (Minimal Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 1 - 8|CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9374.465| 803 11 22 12
2 GIGA GIGA BR733 4963.131] 806 16 9 17
3 GIGA BR733 GIGA 4225.843| 804 13 10 21
4 GIGA BR733 BR733 3885.889| 799 19 16 14
5 BR733 GIGA GIGA 7084.619| 428 8 5 10
6 BR733 GIGA BR733 | 14746.423| 799 12 19 18
7 BR733 BR733 GIGA | 10648.272| 810 15 11 12
22 GIGA BR733 SIX 3613.798| 799 16 19 14
23 GIGA SIX BR733 3073.204{ 795 11 21 21
24 BR733 GIGA SIX 7386.021| 797 15 18 18
25 BR733 SIX GIGA 6992.200| 797 17 16 18
26 SIX GIGA BR733 | 11345.300/ 801 22 13 12

27 SIX BR733 GIGA | 12169.627| 804 18 16 10
Table89: Concurrent User 9 of 28 for Role 1 (Minimal Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 1 - 9|CALL 1|CALL 2|CALL 3|CALL 4

1 GIGA GIGA GIGA 9495.985| 795 16 19 18
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2 GIGA GIGA BR733 4845.719| 808 11 12 17
3 GIGA BR733 GIGA 4044.884| 813 15 10 10
4 GIGA BR733 BR733 3861.124| 796 20 15 17
5 BR733 GIGA GIGA 7087.136| 787 17 24 20
6 BR733 GIGA BR733 | 14382.371] 800 16 16 16
7 BR733 BR733 GIGA |10599.995 808 18 12 10
22 GIGA BR733 SIX 3737.231] 790 16 20 22
23 GIGA SIX BR733 2846.454| 811 15 10 12
24 BR733 GIGA SIX 7594.449 793 19 19 17
25 BR733 SIX GIGA 6800.597| 808 15 11 14
26 SIX GIGA BR733 | 11097.289| 803 15 10 20
27 SIX BR733 GIGA |12049.730] 798 14 16 20
Table 90: Concurrent User 10 of 28 for Role 1 (Minimal Memory)
ROLE 1 -

PATTERN| SERVER A |SERVER B|SERVER C 10 CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9187.702| 801 17 14 16
2 GIGA GIGA BR733 4939.618| 801 11 12 24
3 GIGA BR733 GIGA 4537.585| 797 17 25 9
4 GIGA BR733 BR733 3928.565| 800 15 19 14
5 BR733 GIGA GIGA 6819.575| 809 10 16 13
6 BR733 GIGA BR733 | 14432.634| 804 13 18 13
7 BR733 BR733 GIGA 10574.862] 803 14 20 11
22 GIGA BR733 SIX 3432.399| 800 14 16 18
23 GIGA SIX BR733 3142.797| 790 18 18 22
24 BR733 GIGA SIX 7421.564] 802 15 14 17
25 BR733 SIX GIGA 6888.947| 798 16 16 18
26 SIX GIGA BR733 | 10980.380| 808 12 13 15
27 SIX BR733 GIGA 12088.591| 796 17 13 22

Table91: Concurrent User 11 of 28 for Role 1 (Minimal Memory)
ROLE 1 -

PATTERN| SERVER A [SERVER B|SERVER C 11 CALL 1[CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9513.691| 797 14 12 25
2 GIGA GIGA BR733 5271.303| 785 20 27 16
3 GIGA BR733 GIGA 4508.808| 795 19 20 14
4 GIGA BR733 BR733 3694.613| 803 16 15 14
5 BR733 GIGA GIGA 6834.869| 808 9 16 15
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6 BR733 GIGA BR733 | 14863.907| 788 20 19 21
7 BR733 BR733 GIGA 10992.112| 794 17 18 19
22 GIGA BR733 SIX 3434.828| 811 10 15 12
23 GIGA SIX BR733 3175.429| 795 18 21 14
24 BR733 GIGA SIX 7312.204| 808 13 14 13
25 BR733 SIX GIGA 6855.449| 803 14 15 16
26 SIX GIGA BR733 | 11294.183| 794 18 12 24
27 SIX BR733 GIGA 12121.774] 802 16 15 15
Table92: Concurrent User 12 of 28 for Role 1 (Minimal Memory)
ROLE 1-

PATTERN| SERVER A |SERVER B|SERVER C 12 CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 8978.552| 810 12 11 15
2 GIGA GIGA BR733 5119.768| 800 21 9 18
3 GIGA BR733 GIGA 4491.188| 800 14 14 20
4 GIGA BR733 BR733 3684.994| 802 8 17 21
5 BR733 GIGA GIGA 7108.029| 794 18 14 22
6 BR733 GIGA BR733 | 13973.617| 812 10 13 13
7 BR733 BR733 GIGA 10638.802| 808 13 13 14
22 GIGA BR733 SIX 3311.172| 811 6 15 16
23 GIGA SIX BR733 2938.921| 800 12 17 19
24 BR733 GIGA SIX 7343.731| 807 16 11 14
25 BR733 SIX GIGA 6783.001| 806 15 18 9
26 SIX GIGA BR733 | 11332.288| 793 24 16 15
27 SIX BR733 GIGA 12008.052| 807 14 10 17

Table 93: Concurrent User 13 of 28 for Role 1 (Minimal Memory)
ROLE 1 -

PATTERN| SERVER A |SERVER B|SERVER C 13 CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9593.938| 794 17 16 21
2 GIGA GIGA BR733 4829.911| 808 16 12 12
3 GIGA BR733 GIGA 4123.746| 806 18 11 13
4 GIGA BR733 BR733 3750.092| 801 16 15 16
5 BR733 GIGA GIGA 6956.586| 805 13 14 16
6 BR733 GIGA BR733 | 14490.620| 796 21 13 18
7 BR733 BR733 GIGA 11298.495| 789 20 13 26
22 GIGA BR733 SIX 3413.420| 806 13 16 13
23 GIGA SIX BR733 3271.409| 786 20 21 21
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24 BR733 GIGA SIX 7483.231| 794 15 26 13
25 BR733 SIX GIGA 6706.737| 803 14 18 13
26 SIX GIGA BR733 11292.051| 801 18 16 13
27 SIX BR733 GIGA 11935.436| 802 11 20 15
Table 94: Concurrent User 14 of 28 for Role 1 (Minimal Memory)
ROLE 1 -

PATTERN| SERVER A |SERVER B|SERVER C 14 CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9233.563| 802 16 14 16
2 GIGA GIGA BR733 5106.188| 794 15 18 21
3 GIGA BR733 GIGA 4172.130| 806 11 14 17
4 GIGA BR733 BR733 3986.954| 797 14 19 18
5 BR733 GIGA GIGA 7041.827| 801 15 15 17
6 BR733 GIGA BR733 14626.621| 797 19 16 16
7 BR733 BR733 GIGA 10668.779| 799 13 20 16
22 GIGA BR733 SIX 3440.297| 802 10 15 21
23 GIGA SIX BR733 3186.689| 786 20 21 21
24 BR733 GIGA SIX 7416.789| 796 15 19 18
25 BR733 SIX GIGA 6847.840| 792 16 18 22
26 SIX GIGA BR733 11051.426| 803 16 11 18
27 SIX BR733 GIGA 12039.962| 795 15 24 14

Table95: Concurrent User 15 of 28 for Role 1 (Minimal Memory)
ROLE 1 -

PATTERN| SERVER A |SERVER B|SERVER C 15 CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9052.777| 806 13 13 16
2 GIGA GIGA BR733 5079.588| 796 18 11 23
3 GIGA BR733 GIGA 4356.302| 797 18 18 15
4 GIGA BR733 BR733 3800.627| 788 24 16 20
5 BR733 GIGA GIGA 6808.320| 807 10 13 18
6 BR733 GIGA BR733 14515.053| 797 21 17 13
7 BR733 BR733 GIGA 11022.959 790 22 20 16
22 GIGA BR733 SIX 3598.483| 795 16 16 21
23 GIGA SIX BR733 2854.433| 808 11 15 14
24 BR733 GIGA SIX 7150.519| 812 10 11 15
25 BR733 SIX GIGA 6873.507| 802 17 14 15
26 SIX GIGA BR733 11261.820[ 789 20 25 14
27 SIX BR733 GIGA 12145.129 791 21 23 13
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Table 96: Concurrent User 16 of 28 for Role 1 (Minimal Memory)

ROLE 1 -

PATTERN| SERVER A |SERVER B|SERVER C 16 CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9328.231| 800 16 15 17
2 GIGA GIGA BR733 5179.360] 789 17 22 20
3 GIGA BR733 GIGA 4248.849| 804 18 16 10
4 GIGA BR733 BR733 3856.458| 800 19 17 12
5 BR733 GIGA GIGA 6906.144| 795 14 13 26
6 BR733 GIGA BR733 | 13910.340| 807 18 12 11
7 BR733 BR733 GIGA 10706.765| 802 11 18 17
22 GIGA BR733 SIX 3528.989| 800 11 20 17
23 GIGA SIX BR733 2811.132| 804 14 22 8
24 BR733 GIGA SIX 7404.834| 807 12 19 10
25 BR733 SIX GIGA 6867.564| 797 16 17 18
26 SIX GIGA BR733 | 11000.376| 807 11 16 14
27 SIX BR733 GIGA 11805.430| 808 13 11 16

Table97: Concurrent User 17 of 28 for Role 1 (Minimal Memory)
ROLE 1 -

PATTERN| SERVER A |SERVER B|SERVER C 17 CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9162.899| 805 14 17 12
2 GIGA GIGA BR733 4826.354| 804 14 16 14
3 GIGA BR733 GIGA 4350.955| 801 14 17 16
4 GIGA BR733 BR733 3746.482| 800 19 12 17
5 BR733 GIGA GIGA 7113.336] 794 18 20 16
6 BR733 GIGA BR733 | 14942.534| 787 21 19 21
7 BR733 BR733 GIGA 10561.485 810 18 11 9
22 GIGA BR733 SIX 3634.429| 796 11 32 9
23 GIGA SIX BR733 3005.498| 797 17 17 17
24 BR733 GIGA SIX 7553.279] 791 26 20 11
25 BR733 SIX GIGA 6723.081| 808 15 10 15
26 SIX GIGA BR733 | 11252.500| 787 19 16 26
27 SIX BR733 GIGA 12135.861] 804 21 10 13

Table98: Concurrent User 18 of 28 for Role 1 (Minimal Memory)

IPATTERN| SERVER A |SERVER B|SERVER C| ROLE 1- [cALL 1|cALL 2|cALL 3[cALL 4
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18
1 GIGA GIGA GIGA 9407.225| 798 14 19 17
2 GIGA GIGA BR733 4962.686| 800 12 22 14
3 GIGA BR733 GIGA 4387.107| 795 20 18 15
4 GIGA BR733 BR733 3792.724| 796 19 20 13
5 BR733 GIGA GIGA 7107.847| 797 18 14 19
6 BR733 GIGA BR733 14094.248| 804 12 12 20
7 BR733 BR733 GIGA 10984.758| 800 18 12 18
22 GIGA BR733 SIX 3504.289| 791 21 21 15
23 GIGA SIX BR733 2976.400, 801 17 14 18
24 BR733 GIGA SIX 7338.333] 807 15 14 12
25 BR733 SIX GIGA 6800.167| 805 14 8 21
26 SIX GIGA BR733 11254.031] 797 23 12 16
27 SIX BR733 GIGA 12178.639] 789 23 22 14
Table99: Concurrent User 19 of 28 for Role 1 (Minimal Memory)
ROLE 1 -

PATTERN| SERVER A [SERVER B|SERVER C 19 CALL 1[|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9486.146| 799 13 18 18
2 GIGA GIGA BR733 4994.129| 795 16 17 20
3 GIGA BR733 GIGA 4507.923| 793 22 17 16
4 GIGA BR733 BR733 3726.900| 799 17 13 19
5 BR733 GIGA GIGA 7013.532| 800 14 18 16
6 BR733 GIGA BR733 14326.866| 798 20 13 17
7 BR733 BR733 GIGA 10515.992| 804 12 17 15
22 GIGA BR733 SIX 3703.022| 785 21 17 25
23 GIGA SIX BR733 3086.134| 786 19 19 24
24 BR733 GIGA SIX 7389.100, 802 17 14 15
25 BR733 SIX GIGA 6773.989 794 11 16 27
26 SIX GIGA BR733 11121.183| 800 19 15 14
27 SIX BR733 GIGA 11986.149| 794 17 17 20

Table 100: Concurrent User 20 of 28 for Role 1 (Minimal M emory)
ROLE 1 -

PATTERN| SERVER A [SERVER B|SERVER C 20 CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9099.515| 806 13 16 13
2 GIGA GIGA BR733 4909.933| 800 17 15 16
3 GIGA BR733 GIGA 4391.554] 801 12 22 13
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4 GIGA BR733 BR733 3736.166| 794 18 18 18
5 BR733 GIGA GIGA 6970.841| 789 13 23 23
6 BR733 GIGA BR733 14057.644| 806 12 14 16
7 BR733 BR733 GIGA 10177.758| 807 6 21 14
22 GIGA BR733 SIX 3613.895] 794 19 20 15
23 GIGA SIX BR733 2803.700| 806 14 13 15
24 BR733 GIGA SIX 7554.838| 792 23 19 14
25 BR733 SIX GIGA 6918.355| 794 18 24 12
26 SIX GIGA BR733 10835.020| 144 0 4 2
27 SIX BR733 GIGA 11981.413] 795 16 17 20
Table101: Concurrent User 21 of 28 for Role 1 (Minimal Memory)
ROLE 1 -

PATTERN| SERVER A [SERVER B|SERVER C 21 CALL 1[CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 8799.029 810 10 14 14
2 GIGA GIGA BR733 4734.704| 810 14 16 8
3 GIGA BR733 GIGA 4348.241| 800 15 16 17
4 GIGA BR733 BR733 3801.838| 796 17 18 17
5 BR733 GIGA GIGA 6918.083| 807 16 15 10
6 BR733 GIGA BR733 14601.978| 796 22 17 13
7 BR733 BR733 GIGA 10701.781] 803 14 15 16
22 GIGA BR733 SIX 3381.428| 796 21 12 19
23 GIGA SIX BR733 3097.646| 789 23 19 17
24 BR733 GIGA SIX 7327.733| 811 16 7 14
25 BR733 SIX GIGA 6766.046| 797 17 13 21
26 SIX GIGA BR733 11203.732| 794 19 24 11
27 SIX BR733 GIGA 12096.511| 787 18 20 23

Table 102: Concurrent User 22 of 28 for Role 1 (Minimal Memory)
ROLE 1 -

PATTERN| SERVER A [SERVER B|SERVER C 22 CALL 1[CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9401.825| 797 20 13 18
2 GIGA GIGA BR733 5253.776| 792 18 15 23
3 GIGA BR733 GIGA 4409.684 803 14 13 18
4 GIGA BR733 BR733 3394.958| 809 16 11 12
5 BR733 GIGA GIGA 7142.710| 779 18 22 29
6 BR733 GIGA BR733 14249.206| 803 15 13 17
7 BR733 BR733 GIGA 10628.282| 805 11 15 17
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22 GIGA BR733 SIX 3530.539| 799 21 13 15
23 GIGA SIX BR733 2828.729| 798 17 14 19
24 BR733 GIGA SIX 7415.949| 802 12 16 18
25 BR733 SIX GIGA 6867.336| 798 21 15 14
26 SIX GIGA BR733 10926.233 808 11 12 17
27 SIX BR733 GIGA 11935.325] 802 16 18 12
Table 103: Concurrent User 23 of 28 for Role 1 (Minimal M emory)
ROLE 1 -

PATTERN| SERVER A [SERVER B|SERVER C 23 CALL 1[CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9089.650| 807 14 12 15
2 GIGA GIGA BR733 5095.737| 793 20 16 19
3 GIGA BR733 GIGA 4515.783| 790 21 19 18
4 GIGA BR733 BR733 3994.274| 789 18 24 17
5 BR733 GIGA GIGA 6998.685| 794 15 23 16
6 BR733 GIGA BR733 14180.440| 802 15 13 18
7 BR733 BR733 GIGA 10924.264] 800 22 11 15
22 GIGA BR733 SIX 3480.108| 797 21 14 16
23 GIGA SIX BR733 2834.038] 808 11 15 14
24 BR733 GIGA SIX 7492.402| 787 18 21 22
25 BR733 SIX GIGA 6810.151| 804 21 9 14
26 SIX GIGA BR733 11010.337| 804 11 13 20
27 SIX BR733 GIGA 12031.633] 800 16 17 15

Table 104: Concurrent User 24 of 28 for Role 1 (Minimal M emory)
ROLE 1 -

PATTERN| SERVER A [SERVER B|SERVER C 24 CALL 1[|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9035.713] 807 13 16 12
2 GIGA GIGA BR733 4828.422| 805 14 15 14
3 GIGA BR733 GIGA 4299.700] 795 19 19 15
4 GIGA BR733 BR733 3556.662| 801 16 12 19
5 BR733 GIGA GIGA 7123.281] 795 19 20 14
6 BR733 GIGA BR733 14471.054| 800 17 15 16
7 BR733 BR733 GIGA 11057.421| 793 27 16 12
22 GIGA BR733 SIX 3547.612| 797 19 16 16
23 GIGA SIX BR733 2934.777| 802 15 16 15
24 BR733 GIGA SIX 7261.271] 807 10 15 16
25 BR733 SIX GIGA 6603.480 814 10 12 12
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26 SIX GIGA BR733 11094.561] 799 15 19 15
27 SIX BR733 GIGA 11908.975 808 14 14 12
Table 105: Concurrent User 25 of 28 for Role 1 (Minimal M emory)
ROLE 1 -

PATTERN| SERVER A |SERVER B|SERVER C 25 CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9672.189| 795 18 20 15
2 GIGA GIGA BR733 5079.658| 789 24 22 13
3 GIGA BR733 GIGA 4459.261| 797 14 18 19
4 GIGA BR733 BR733 3521.693] 809 11 14 14
5 BR733 GIGA GIGA 6969.261| 803 15 15 15
6 BR733 GIGA BR733 14772.421) 792 13 19 24
7 BR733 BR733 GIGA 10548.729 803 12 19 14
22 GIGA BR733 SIX 3197.118 810 13 13 12
23 GIGA SIX BR733 2980.847| 795 21 19 13
24 BR733 GIGA SIX 7565.018| 784 18 27 19
25 BR733 SIX GIGA 6764.145| 806 18 12 12
26 SIX GIGA BR733 10784.303| 813 10 7 18
27 SIX BR733 GIGA 11880.313| 807 13 12 16

Table 106: Concurrent User 26 of 28 for Role 1 (Minimal M emory)
ROLE 1 -

PATTERN| SERVER A [SERVER B|SERVER C 26 CALL 1[CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9649.703] 796 16 19 17
2 GIGA GIGA BR733 4706.691| 808 17 12 11
3 GIGA BR733 GIGA 4542.650] 801 18 12 17
4 GIGA BR733 BR733 3939.724| 798 12 19 19
5 BR733 GIGA GIGA 6986.968| 806 12 18 12
6 BR733 GIGA BR733 15086.696| 790 23 21 14
7 BR733 BR733 GIGA 10874.321| 806 22 8 12
22 GIGA BR733 SIX 3792.389| 794 17 25 12
23 GIGA SIX BR733 2846.749| 809 17 11 11
24 BR733 GIGA SIX 7338.719| 801 20 18 9
25 BR733 SIX GIGA 6795.007| 801 18 12 17
26 SIX GIGA BR733 11089.231] 810 14 16 8
27 SIX BR733 GIGA 12216.133] 796 23 15 14
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Table 107: Concurrent User 27 of 28 for Role 1 (Minimal M emory)

ROLE 1 -

PATTERN| SERVER A |SERVER B|SERVER C 27 CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9151.184| 803 16 14 15
2 GIGA GIGA BR733 4724.186| 809 14 16 9
3 GIGA BR733 GIGA 4636.755 791 12 23 22
4 GIGA BR733 BR733 4062.321| 789 21 20 18
5 BR733 GIGA GIGA 6924.767| 806 14 13 15
6 BR733 GIGA BR733 | 14298.465| 801 12 14 21
7 BR733 BR733 GIGA 10938.171| 794 21 18 15
22 GIGA BR733 SIX 3542.923| 797 14 20 17
23 GIGA SIX BR733 3002.500] 804 15 12 17
24 BR733 GIGA SIX 7334.496| 801 18 13 16
25 BR733 SIX GIGA 6577.518| 815 10 13 10
26 SIX GIGA BR733 | 11242.744| 794 19 16 19
27 SIX BR733 GIGA 11909.113| 800 15 13 20

Table 108: Concurrent User 28 of 28 for Role 1 (Minimal M emory)
ROLE 1 -

PATTERN| SERVER A |SERVER B|SERVER C 28 CALL 1|CALL 2|CALL 3|CALL 4
1 GIGA GIGA GIGA 9327.054| 802 15 18 13
2 GIGA GIGA BR733 4880.574| 802 15 14 17
3 GIGA BR733 GIGA 4044.652| 810 11 13 14
4 GIGA BR733 BR733 3644.711| 800 7 20 21
5 BR733 GIGA GIGA 7080.022| 794 18 17 19
6 BR733 GIGA BR733 | 13911.316| 798 26 9 15
7 BR733 BR733 GIGA 10776.119] 802 14 16 16
22 GIGA BR733 SIX 3735.594] 795 22 16 15
23 GIGA SIX BR733 3079.217| 795 17 18 18
24 BR733 GIGA SIX 7496.523| 797 20 15 16
25 BR733 SIX GIGA 6748.733| 804 17 16 11
26 SIX GIGA BR733 | 11085.690| 802 15 14 17
27 SIX BR733 GIGA 11888.765 803 14 9 22
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6.

5 Concurrent Users,

Role 3 (M ni nal

Menor y)

Table 109: Concurrent User 1 of 5for Role 3 (Minimal Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 1|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA |29308.689| 742 | 136 | 405 18 11
2 GIGA GIGA BR733 |21650.915| 698 | 149 | 442 10 13
3 GIGA BR733 GIGA |20058.737| 720 | 144 | 428 11 9
4 GIGA BR733 BR733 [36009.979| 727 | 120 | 427 20 18
5 BR733 GIGA GIGA |25375.311| 706 | 163 | 417 18 8
6 BR733 GIGA BR733 |25317.239| 707 | 142 | 431 18 14
7 BR733 BR733 GIGA |20468.441| 724 | 138 | 421 15 14
22 GIGA BR733 SIX 26907.824| 702 | 135 | 457 5 13
23 GIGA SIX BR733 [23624.572| 732 | 141 | 411 13 15
24 BR733 GIGA SIX 25818.347| 710 | 150 | 423 16 13
25 BR733 SIX GIGA |20473.741| 699 | 163 | 426 13 11
26 SIX GIGA BR733 [21031.809| 698 | 133 | 443 23 15
27 SIX BR733 GIGA |18392.066| 696 | 168 | 424 8 16

Table 110: Concurrent User 2 of 5for Role 3 (Minimal Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 2|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA |29383.957| 688 | 163 | 442 12 7
2 GIGA GIGA BR733 [21509.335| 717 | 148 | 411 17 19
3 GIGA BR733 GIGA |20232.077| 732 | 151 | 399 11 19
4 GIGA BR733 BR733 |36077.438| 706 | 142 | 433 15 16
5 BR733 GIGA GIGA |25328.328| 689 | 146 | 455 10 12
6 BR733 GIGA BR733 |25321.143| 749 | 128 | 407 10 18
7 BR733 BR733 GIGA |20582.842| 709 | 152 | 428 9 14
22 GIGA BR733 SIX 26619.569| 697 | 149 | 439 12 15
23 GIGA SIX BR733 |24290.646| 717 | 142 | 421 14 18
24 BR733 GIGA SIX 25779.678| 703 | 151 | 423 17 18
25 BR733 SIX GIGA |19838.665| 718 | 143 | 429 13 9
26 SIX GIGA BR733 [21340.261| 738 | 131 | 421 8 14
27 SIX BR733 GIGA |18275.142| 735 | 142 | 406 8 21

Table111: Concurrent User 3 of 5for Role 3 (Minimal Memory)

PATTERN| SERVER A [SERVER B|SERVER C|ROLE 3 - 3|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5

1 GIGA GIGA GIGA |29300.797| 700 | 151 | 431 13 17
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2 GIGA GIGA BR733 |21427.519| 703 | 161 | 415 14 19
3 GIGA BR733 GIGA |20160.473| 698 | 175 | 413 10 16
4 GIGA BR733 BR733 |35973.335| 723 | 133 | 435 12 9
5 BR733 GIGA GIGA [25325.983| 715 | 154 | 420 13 10
6 BR733 GIGA BR733 |25006.708| 739 | 133 | 415 11 14
7 BR733 BR733 GIGA |20007.344| 705 | 125 | 458 15 9
22 GIGA BR733 SIX 26379.148| 730 | 138 | 420 14 10
23 GIGA SIX BR733 |23738.821| 718 | 144 | 423 15 12
24 BR733 GIGA SIX 25838.128| 737 | 121 | 437 5 12
25 BR733 SIX GIGA [20319.854| 719 | 144 | 421 11 17
26 SIX GIGA BR733  |21099.633| 715 | 156 | 408 18 15
27 SIX BR733 GIGA |17599.516| 712 | 137 | 433 15 15
Table112: Concurrent User 4 of 5for Role 3 (Minimal Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 4|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA [29129.191| 728 | 136 | 429 10 9
2 GIGA GIGA BR733 |21459.883| 723 | 128 | 430 12 19
3 GIGA BR733 GIGA [20117.487| 718 | 152 | 415 14 13
4 GIGA BR733 BR733 [36059.181| 728 | 148 | 402 17 17
5 BR733 GIGA GIGA [25284.713| 732 | 129 | 423 13 15
6 BR733 GIGA BR733 [25225.636| 685 | 143 | 461 14 9
7 BR733 BR733 GIGA [19939.753| 692 | 133 | 457 15 15
22 GIGA BR733 SIX 26437.827| 696 | 154 | 431 21 10
23 GIGA SIX BR733 |23859.267| 706 | 130 | 455 12 9
24 BR733 GIGA SIX 25985.595| 707 | 140 | 436 15 14
25 BR733 SIX GIGA [20123.618| 726 | 140 | 424 10 12
26 SIX GIGA BR733 |20804.034| 713 | 136 | 426 17 20
27 SIX BR733 GIGA |17855.588| 725 | 150 | 411 14 12

Table 113: Concurrent User 5 of 5for Role 3 (Minimal Memory)

PATTERN| SERVER A [SERVER B|SERVER C|ROLE 3 -5|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA [29341.577| 702 | 159 | 422 15 14
2 GIGA GIGA BR733 [21495.246| 708 | 148 | 428 16 12
3 GIGA BR733 GIGA [19866.018| 710 | 142 | 432 13 15
4 GIGA BR733 BR733 [35953.482| 723 | 139 | 422 15 13
5 BR733 GIGA GIGA |25135.089| 710 | 128 | 448 13 13
6 BR733 GIGA BR733 |25054.755| 745 | 124 | 409 16 18
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7 BR733 BR733 GIGA [20469.808| 697 | 151 | 430 14 20
22 GIGA BR733 SIX 26744.303| 716 | 143 | 436 10 7
23 GIGA SIX BR733 |23561.448| 715 | 133 | 433 17 14
24 BR733 GIGA SIX 25847.335| 725 | 145 | 416 11 15
25 BR733 SIX GIGA [20079.761| 686 | 161 | 439 13 13
26 SIX GIGA BR733 |20858.731| 738 | 121 | 428 13 12
27 SIX BR733 GIGA |17955.349| 707 | 153 | 429 15 8

7. 2 Concurrent Users, Role 3 (Mnimal Menory)

Table 114: Concurrent User 1 of 2 for Role 3 (Minimal Memory)

PATTERN| SERVER A [SERVER B|SERVER C|ROLE 3 - 1|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA [10851.931| 730 | 144 | 410 14 14
2 GIGA GIGA BR733 |10887.719| 720 | 152 | 411 16 13
3 GIGA BR733 GIGA [10207.401| 705 | 150 | 426 16 15
4 GIGA BR733 BR733 [13995.321| 713 | 125 | 455 11 8
5 BR733 GIGA GIGA [10352.231| 720 | 138 | 433 11 10
6 BR733 GIGA BR733 [11684.966| 723 | 144 | 421 13 11
7 BR733 BR733 GIGA |10585.257| 705 | 144 | 434 19 10
22 GIGA BR733 SIX 13255.416| 703 | 147 | 426 17 19
23 GIGA SIX BR733 [12349.443| 733 | 113 | 434 13 19
24 BR733 GIGA SIX 12363.961| 706 | 129 | 442 16 19
25 BR733 SIX GIGA [11193.193| 713 | 146 | 414 18 21
26 SIX GIGA BR733 |10840.001| 723 | 146 | 412 14 17
27 SIX BR733 GIGA [10259.503| 715 | 140 | 429 20 8

Table 115: Concurrent User 2 of 2 for Role 3 (Minimal Memory)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 2|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA [10510.374| 725 | 107 | 454 13 13
2 GIGA GIGA BR733  |10604.995| 708 | 126 | 446 16 16
3 GIGA BR733 GIGA [ 9950.221 | 727 | 127 | 432 15 11
4 GIGA BR733 BR733 [13979.816| 709 | 152 | 418 17 16
5 BR733 GIGA GIGA [10158.191| 703 | 140 | 456 10 3
6 BR733 GIGA BR733 |11434.673| 714 | 134 | 434 18 12
7 BR733 BR733 GIGA [10524.646| 744 | 134 | 407 12 15
22 GIGA BR733 SIX 13140.455| 724 | 145 | 415 14 14
23 GIGA SIX BR733 [12312.748| 719 | 143 | 423 13 14
24 BR733 GIGA SIX 12371.365| 730 | 149 | 410 12 11
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25 BR733 SIX GIGA [11035.936| 715 | 146 | 422 15 14
26 SIX GIGA BR733 [10608.779| 692 | 142 | 458 8 12
27 SIX BR733 GIGA |10284.958| 726 | 153 | 407 12 14
8. CORBA TEST, 3 Concurrent Users, Role 3 (M ninal
Menory)
Table 116: Concurrent User 1 of 3for Role 3 (Minimal Memory, CORBA)
PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 1|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA  [15902.606| 698 | 163 | 419 17 15
2 GIGA GIGA BR733 [13851.467| 727 | 132 | 419 18 16
3 GIGA BR733 GIGA |12640.207| 710 | 146 | 425 16 15
4 GIGA BR733 BR733 |19787.586| 706 | 144 | 429 21 12
5 BR733 GIGA GIGA |14254.681| 724 | 136 | 427 12 13
6 BR733 GIGA BR733 |15169.018| 707 | 143 | 431 16 15
7 BR733 BR733 GIGA  |13284.574| 722 | 138 | 425 13 14
8 BR733 BR733 BR733 |22261.207| 696 | 129 | 454 23 10
9 GIGA GIGA SIX 16113.221| 750 | 131 | 409 10 12
10 GIGA SIX GIGA |13975.419| 707 | 141 | 435 11 18
11 GIGA SIX SIX 25093.607| 720 | 131 | 416 20 25
12 SIX GIGA GIGA  [14244.033| 726 | 125 | 430 20 11
13 SIX GIGA SIX 18646.818| 702 | 153 | 414 23 20
14 SIX SIX GIGA |14947.481| 676 | 149 | 466 13 8
15 SIX SIX SIX 29006.722| 723 | 134 | 425 13 15
16 BR733 BR733 SIX 17717.606| 745 | 131 | 409 8 19
17 BR733 SIX BR733 |17460.879| 682 | 148 | 449 11 22
18 BR733 SIX SIX 25029.654| 708 | 132 | 445 10 17
19 SIX BR733 BR733 |20418.397| 687 | 158 | 436 9 22
20 SIX BR733 SIX 19192.782| 715 | 144 | 429 6 11
21 SIX SIX BR733 [17311.546| 714 | 126 | 437 18 17
22 GIGA BR733 SIX 16767.127| 704 | 141 | 436 21 10
23 GIGA SIX BR733 |15625.226| 674 | 170 | 438 15 15
24 BR733 GIGA SIX 15851.359| 728 | 133 | 422 16 13
25 BR733 SIX GIGA |13513.527| 702 | 157 | 432 15 6
26 SIX GIGA BR733 [13628.204| 723 | 126 | 434 12 17
27 SIX BR733 GIGA [11974.348| 730 | 128 | 435 11 8
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Table117: Concurrent User 2 of 3for Role 3 (Minimal Memory, CORBA)

PATTERN| SERVER A |SERVER B |SERVER C|ROLE 3 - 2|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA |15600.907| 717 | 125 | 433 22 15
2 GIGA GIGA BR733 |13995.792| 717 | 144 | 419 16 16
3 GIGA BR733 GIGA |12478.097| 692 | 152 | 437 17 14
4 GIGA BR733 BR733 [20010.125| 736 | 140 | 414 9 13
5 BR733 GIGA GIGA  [14019.258| 701 | 138 | 451 10 12
6 BR733 GIGA BR733 |15381.816| 714 | 153 | 414 12 19
7 BR733 BR733 GIGA |13096.697| 703 | 136 | 446 14 13
8 BR733 BR733 BR733 |22671.784| 703 | 149 | 430 17 13
9 GIGA GIGA SIX 15873.356| 715 | 132 | 433 20 12
10 GIGA SIX GIGA  |14086.066| 722 | 140 | 420 15 15
11 GIGA SIX SIX 25438.839| 736 | 144 | 409 12 7
12 SIX GIGA GIGA  [14385.535| 708 | 139 | 431 15 19
13 SIX GIGA SIX 18833.822| 716 | 141 | 431 9 11
14 SIX SIX GIGA |15532.644| 680 | 149 | 439 14 19
15 SIX SIX SIX 29174.137| 696 | 158 | 417 22 12
16 BR733 BR733 SIX 18342.729| 738 | 151 | 398 8 17
17 BR733 SIX BR733 |17277.864| 708 | 137 | 443 13 11
18 BR733 SIX SIX 25116.797| 718 | 138 | 432 10 14
19 SIX BR733 BR733 [20550.458| 716 | 158 | 410 13 15
20 SIX BR733 SIX 19586.859| 708 | 138 | 443 10 13
21 SIX SIX BR733 |17324.665| 718 | 140 | 420 19 15
22 GIGA BR733 SIX 16950.024| 710 | 161 | 407 17 17
23 GIGA SIX BR733 [15708.532| 709 | 137 | 435 10 21
24 BR733 GIGA SIX 15578.859| 737 | 129 | 418 16 12
25 BR733 SIX GIGA |13814.559| 736 | 151 | 404 8 13
26 SIX GIGA BR733 |13677.072| 723 | 143 | 422 14 10
27 SIX BR733 GIGA |12143.536| 726 | 138 | 423 17 8

Table 118: Concurrent User 3 of 3for Role 3 (Minimal Memory, CORBA)

PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 3|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA |16129.592| 727 | 164 | 399 13 9
2 GIGA GIGA BR733 |13813.439| 703 | 137 | 449 14 9
3 GIGA BR733 GIGA [12845.333| 750 | 142 | 395 9 16
4 GIGA BR733 BR733 [19886.711| 716 | 145 | 414 21 16
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5 BR733 GIGA GIGA 14173.159( 739 138 406 13 16
6 BR733 GIGA BR733 [15427.884| 715 163 397 18 19
7 BR733 BR733 GIGA 13450.393| 733 136 415 13 15
8 BR733 BR733 BR733 [22847.348| 707 155 428 10 12
9 GIGA GIGA SIX 16144.546( 759 144 386 9 14
10 GIGA SIX GIGA 14058.289( 676 156 459 8 13
11 GIGA SIX SIX 25415.994| 721 149 408 16 15
12 SIX GIGA GIGA 14479.749| 703 158 419 15 17
13 SIX GIGA SIX 18795.767| 721 151 412 13 12
14 SIX SIX GIGA 15668.903( 723 131 415 12 12
15 SIX SIX SIX 28438.137| 702 139 442 14 15
16 BR733 BR733 SIX 17939.864| 697 145 441 16 13
17 BR733 SIX BR733 [17436.521| 724 148 417 15 8
18 BR733 SIX SIX 25020.694| 701 148 434 15 14
19 SIX BR733 BR733 [20031.563| 694 139 457 15 7
20 SIX BR733 SIX 19185.483( 724 147 410 11 13
21 SIX SIX BR733 [17833.644| 715 136 422 20 19
22 GIGA BR733 SIX 16844.057| 722 132 430 15 13
23 GIGA SIX BR733 [15528.486| 702 147 427 14 12
24 BR733 GIGA SIX 15767.777( 738 125 418 10 21
25 BR733 SIX GIGA 13577.607( 716 153 412 12 19
26 SIX GIGA BR733 [13653.412| 721 143 422 14 12
27 SIX BR733 GIGA 12111.191| 716 149 412 20 15

9. CORBA TEST, 3 Concurrent Users, Role 3 (Maxinum
Menory)

Table 119: Concurrent User 1 of 3 for Role 3 (Maximum Memory, CORBA)

PATTERN| SERVER A [SERVER B|SERVER C|ROLE 3 - 1|CALL 1|CALL 2|CALL 3|CALL 4|CALL5
1 GIGA GIGA GIGA 15835.711| 717 142 427 11 15
2 GIGA GIGA BR733 [13713.259| 694 148 440 22 8
3 GIGA BR733 GIGA 12532.954| 755 130 405 10 12
4 GIGA BR733 BR733 [19848.918| 730 138 413 17 14
5 BR733 GIGA GIGA 14051.745| 708 144 427 19 14
6 BR733 GIGA BR733 [15006.491| 708 128 441 17 18
7 BR733 BR733 GIGA 12874.929| 714 132 442 13 11
8 BR733 BR733 BR733 [22926.198| 689 161 437 14 11
9 GIGA GIGA SIX 16220.894| 719 134 433 8 13
10 GIGA SIX GIGA 13725.859| 695 158 438 11 10
11 GIGA SIX SIX ERROR error | error error error | error
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12 SIX GIGA GIGA 14277.035| 699 157 422 21 13
13 SIX GIGA SIX ERROR error | error error error | error
14 SIX SIX GIGA ERROR error | error error error | error
15 SIX SIX SIX ERROR error | error error error | error
16 BR733 BR733 SIX 17843.189| 752 138 396 13 13
17 BR733 SIX BR733 [17037.538| 687 148 440 17 20
18 BR733 SIX SIX ERROR error | error error error | error
19 SIX BR733 BR733 [20044.136| 714 141 426 14 17
20 SIX BR733 SIX ERROR error | error error error | error
21 SIX SIX BR733 ERROR error | error error error | error
22 GIGA BR733 SIX 16739.674| 716 136 433 11 16
23 GIGA SIX BR733 |[15387.672| 728 139 420 12 13
24 BR733 GIGA SIX 15821.133| 683 146 449 22 12
25 BR733 SIX GIGA 13333.902| 718 129 433 17 15
26 SIX GIGA BR733 [13511.467| 711 163 407 20 11
27 SIX BR733 GIGA 12141.578| 688 148 449 13 14
Table 120: Concurrent User 2 of 3 for Role 3 (Maximum Memory, CORBA)
PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 2|CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA 15728.861| 722 137 423 14 16
2 GIGA GIGA BR733 [13809.112| 717 139 434 9 13
3 GIGA BR733 GIGA 12394.802| 690 140 453 13 16
4 GIGA BR733 BR733 [20011.192| 732 124 429 11 16
5 BR733 GIGA GIGA 14274.095| 716 167 413 9 7
6 BR733 GIGA BR733 [14999.172| 732 129 422 16 13
7 BR733 BR733 GIGA 12922.384| 723 147 411 14 17
8 BR733 BR733 BR733 [22638.914| 669 158 452 16 17
9 GIGA GIGA SIX 16307.931| 701 132 449 12 18
10 GIGA SIX GIGA 13904.291| 693 142 454 15 8
11 GIGA SIX SIX ERROR error | error error error | error
12 SIX GIGA GIGA 14178.652| 708 142 434 11 17
13 SIX GIGA SIX ERROR error | error error error | error
14 SIX SIX GIGA ERROR error | error error error | error
15 SIX SIX SIX ERROR error | error error error | error
16 BR733 BR733 SIX 17944.994| 723 135 438 8 8
17 BR733 SIX BR733 |[17075.675| 728 129 430 12 13
18 BR733 SIX SIX ERROR error | error error | error | error
19 SIX BR733 BR733 [20078.383| 708 129 438 16 21
20 SIX BR733 SIX ERROR error | error error error | error
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21 SIX SIX BR733 ERROR | error | error | error | error | error
22 GIGA BR733 SIX 16930.397| 735 148 403 12 14
23 GIGA SIX BR733 |[15420.976| 692 153 436 17 14
24 BR733 GIGA SIX 15854.579| 742 132 411 13 14
25 BR733 SIX GIGA 13195.000| 682 148 450 13 19
26 SIX GIGA BR733 [13422.793| 726 149 414 10 13
27 SIX BR733 GIGA 12108.128| 731 137 415 15 14
Table 121: Concurrent User 3 of 3 for Role 3 (Maximum Memory, CORBA)
PATTERN| SERVER A |SERVER B|SERVER C|ROLE 3 - 3|[CALL 1|CALL 2|CALL 3|CALL 4|CALL 5
1 GIGA GIGA GIGA 15745.851| 724 122 443 10 13
2 GIGA GIGA BR733 [13822.614| 723 137 430 10 12
3 GIGA BR733 GIGA 12674.874| 731 144 408 14 15
4 GIGA BR733 BR733 [19953.330| 690 157 442 7 16
5 BR733 GIGA GIGA 14187.249| 731 133 412 13 23
6 BR733 GIGA BR733 |[15162.629| 693 161 432 15 11
7 BR733 BR733 GIGA 12808.241| 714 122 447 15 14
8 BR733 BR733 BR733 [22866.417| 765 144 375 16 12
9 GIGA GIGA SIX 16413.377| 724 135 421 10 22
10 GIGA SIX GIGA 13931.158| 710 139 423 22 18
11 GIGA SIX SIX ERROR error | error error error | error
12 SIX GIGA GIGA 14066.106| 720 119 434 23 16
13 SIX GIGA SIX ERROR error | error error error | error
14 SIX SIX GIGA ERROR error | error error error | error
15 SIX SIX SIX ERROR error | error error error | error
16 BR733 BR733 SIX 17782.917| 708 143 437 12 12
17 BR733 SIX BR733 [17354.072| 714 166 409 15 8
18 BR733 SIX SIX ERROR error | error error | error | error
19 SIX BR733 BR733 [20166.174| 714 154 417 11 16
20 SIX BR733 SIX ERROR error | error error error | error
21 SIX SIX BR733 ERROR error | error error | error | error
22 GIGA BR733 SIX 16770.806| 718 148 418 12 16
23 GIGA SIX BR733 |[15460.586| 747 144 396 12 13
24 BR733 GIGA SIX 16012.197| 716 143 434 9 10
25 BR733 SIX GIGA 13328.134| 727 136 421 13 15
26 SIX GIGA BR733 [13497.521| 692 155 437 16 12
27 SIX BR733 GIGA 11785.137| 662 129 484 16 21
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APPENDI X D

A COMBI NATORI AL TI MVE TEST LI NGO MODELS
1. Timng4 4
MODEL :

SETS:

MACHI NE / WL V2 W8 \MY/ :
MENMORY, SPEED;

SERVER / S1 S2 S3 S4/:

MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): Vi
NET_SPD ( SERVER, SERVER): U
MEM USED ( MACHI NE): T;
CPU_USED (MACHINE): Q

ENDSETS

DATA:
NORM SPEED = 1000;
MEMORY SPEED =

64 600

128 1000

256 900

128 777,

MULTI PLI ER MEMORYUSE =
442432.0 44
807518. 4 60
111111.1 184
323232. 3 100;

MEM LIMT = 1.0;

NET_BW = 100000000;

CPU_TI ME = 10000000000;
ENDDATA
M N = PROC_SPEED + NET_SPEED
PROC_SPEED = @UM DEPLOYMENT( I, J ):

VI, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server communi cations function. Ignore dient/Server Conmrs

I because they always exist and we are letting the Client |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE
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’ NET_SPEED = 30720000000/ (U( @ NDEX( S2) , @ NDEX( S3) ) * NET_BW
] ;
I Figure out if two servers are running on the sane nachi ne. ;
!
@ OR ( SERVER(K):
@FOR (SERVER(L):
@UM ( MVACHINE(R): V(R K)*V(R L)) + 1 = UK, L);
)

)

|
I A server cannot be split over multiple nmachines
I

' @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nachi ne. ;
! .
@OR ( SERVER(K):
@UW ( MMCHINE(R): V(R K)) = 1;
)
!

I Constraint for limting the RAMI| oad on a single machine.
!
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R K)*MEMORYUSE(K)) = T(R);
T(R < MEMORY(R)*MEM LIM T;
)
!

I Constraint for limting the CPU | oad on a single machine.

!
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MJLTI PLI ER( K)* NORM SPEED/ SPEED(R)) =

QR);
QR < CPU TIME;
)
END
2. Tim ng5 5
MODEL :
SETS:

MACHINE / WL V@ VB Wi W/ :
MEMORY, SPEED;
SERVER / S1 S2 S3 S4 S5/:
MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): V:
NET_SPD ( SERVER, SERVER): U
MEM_USED (MACHI NE): T;
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CPU_USED (MACHINE): Q
ENDSETS

DATA:
NORM_SPEED = 1000;
VEMORY SPEED =

64 600

128 1000

256 900
64 300

128 777,

MULTI PLI ER MEMORYUSE =
442432.0 44
807518. 4 60
656565. 3 105
111111.1 184
323232. 3 100;

MEMLIMT = 1.0;

NET_BW = 100000000;

CPU_TI ME = 10000000000;
ENDDATA

M N = PROC_SPEED + NET_SPEED;

PROC_SPEED = @UM DEPLOYMENT( I, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server comuni cations function. |Ignore Cient/Server Conms
I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 30720000000/ ( U( @ NDEX( S2), @ NDEX( S3) ) *NET_BW ;
I
! Figure out if two servers are running on the sane machi ne. ;
I
@ OR ( SERVER(K):

@OR (SERVER(L):

@WUM ( MACHINE(R): V(R K*V(R L)) + 1 = UK,L);

)
)
!
I A server cannot be split over nultiple machines ;
|

' @OR (DEPLOYMENT: @I N(V)):
|

I Each server can only run on one nachi ne. ;
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|
@OR ( SERVER(K) :
@UM ( MACHI NE(R): V(R K)) = 1;
)
!

I Constraint for limting the RAM | oad on a single nmachine. ;
!
@rOR ( MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MEMORYUSE(K)) = T(R);
T(R) < MEMORY(R)*MEM LIM T;
)
!

I Constraint for limting the CPU |l oad on a single machine.
!
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MJLTI PLI ER(K) * NORM_SPEEDY SPEED( R)) =

QR);
QR) < CPU_TIME;
)
END
3. Ti mng6_6
MODEL :
SETS:

MACHINE / WL V2 V8 Wi Vb W/ :
MENMORY, SPEED;
SERVER / S1 S2 S3 S4 S5 S6/:
MULTI PLI ER MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER): Vi
NET_SPD ( SERVER, SERVER): U
MEM USED ( MACHI NE): T;
CPU_USED (MACHINE): Q
ENDSETS

DATA:
NORM _SPEED = 1000;
MEMORY SPEED =

64 600
128 733
128 1000
256 900

64 300
128 777,

MULTI PLI ER MEMORYUSE =
442432.0 44
807518. 4 60
288412. 8 66
656565. 3 105
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111111.1
323232. 3

184
100;

MEMLIMT = 1.0;
NET_BW = 100000000;
CPU_TI ME = 10000000000

ENDDATA

M N = PROC_SPEED

+ NET_SPEED;

PROC_SPEED = @UM DEPLOYMENT( I, J ):

V(

! I nter-Server communi cati ons function

I, J) * MILTIPLIER ( J ) * NORM SPEED / SPEED(

I because they always exist and we are letting the dient

| ocation

I gnore Cient/Server Comms

)

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 30720000000/ ( U( @ NDEX( S2) , @ NDEX( S3) ) * NET_BW

I Figure out if two servers are running on the sane machi ne.

|
@OR ( SERVER(K):

@OR (SERVER(L):
@M ( MACHINE(R): V(R K *V(R L)) + 1 = UK, L);

)
)

! A server cannot
|

" @OR ( DEPLOYNENT:
|

be split over multiple nachines

@IN(V));

I Each server can only run on one machi ne.

|
@OR ( SERVER(K) :

@UM ( MACHINE(R): V(R K)) = 1;

)
|

I Constraint for
|

@ OR (MACHI NE(R) :

limting the RAM I oad on a single machine.

@UM ( SERVER(K): V(R K)*MEMORYUSE(K)) = T(R):
T(R) < MEMORY(R)*MEM LIM T;

)
[

I Constraint for
|

" @OR (MACH NE(R) :

limting the CPU | oad on a single nmachine.
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@UM ( SERVER(K) :

QR);
)
END

QR < CPU_TI Mg

4,
MODEL :

SETS:

MACH NE / W W2 W W Wb W6 WI/:

Timng7_7

VEMORY, SPEED,

SERVER

/ S1 S2 S3 S4 S5 S6 S7/:

MULTI PLI ER, MEMORYUSE;
DEPLOYMENT ( MACHI NE, SERVER):
NET_SPD ( SERVER, SERVER):

MEM_USED ( MACHI NE) :
CPU_USED ( MACHI NE) :

ENDSETS

DATA:

NORM SPEED = 1000;

MVEMORY SPEED =

64
128
128

64
256

64
128

MULTI PLI ER MEMORYUSE =
442432.
807518.
288412.
111111,
656565.
111111.
323232.

600
733
1000
866
900
300
777,

WFRrWkFooRMO

44
60
66
11
105
184
100;

MEMLIMT = 1.0;
NET_BW = 100000000;

CPU_TI ME = 10000000000;

ENDDATA

M N = PROC_SPEED + NET_SPEED;

PROC_SPEED = @UM DEPLOYNENT(
* MULTIPLIER ( J)

V(

1, J)

V(R K)*MILTI PLI ER( K) * NORM SPEED/ SPEED( R) )

* NORM_SPEED / SPEED(

)



I Inter-Server communi cations function. Ignore dient/Server Conms

I because they always exist and we are letting the Cient |ocation

I be the free vari abl e.

NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 30720000000/ ( U( @ NDEX( S2) , @ NDEX( S3) ) *NET_BW ;

I Figure out if two servers are running on the sane nachi ne. ;

|
@OR ( SERVER(K) :
@OR (SERVER(L):
@UM ( MACHI NE(R) :
)

)

V(R K *V(R L)) + 1 = UK,L);

I A server cannot be split over multiple nachines ;

' @OR (DEPLOYMENT: @I N(V)):
|

I Each server can only run on one machi ne. ;

!
@OR ( SERVER(K):

)

@UM ( MACHI NE(R) :

V(R K)) = 1;

I Constraint for limting the RAM | oad on a single machine. ;

!
@OR (MACHI NE(R) :
@UM ( SERVER(K) :

V(R K)*MEMORYUSE(K)) = T(R);

T(R) < MEMORY(R)*MEM LI M T;

)

I Constraint for limting the CPU | oad on a single machine. ;

|
@OR (MACHI NE(R) :
@UM ( SERVER(K) :

QAR);
QR < CPU TI M
END
5. Ti m ng8_8
MODEL :
SETS:

V(R K)*MILTI PLI ER( K) * NORM_SPEED/ SPEED( R) )

MACHINE / W VW WB W Wb W6 W W8/ :
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VEMORY, SPEED,

SERVER /[ S1 S2 S3 S4 S5 S6 S7 S8/:

MULTI PLI ER, MEMORYUSE;

DEPLOYMENT ( MACHI NE, SERVER):

NET_SPD ( SERVER, SERVER): U

MEM_USED (MACHI NE): T;
CPU_USED (MACHI NE): Q
ENDSETS

DATA:
NORM SPEED = 1000:
MEMORY SPEED =

64 600

128 733

128 1000
64 866

256 900

128 550
64 300

128 777,

MULTI PLI ER MEMORYUSE =
442432.0 44
807518. 4 60
288412. 8 66
111111.1 11
232323. 4 23
656565. 3 105
111111.1 184
323232. 3 100;

MEMLIMT = 1.0;

NET_BW = 100000000;

CPU_TI ME = 10000000000
ENDDATA

M N = PROC_SPEED + NET_SPEED

PROC_SPEED = @UM DEPLOYMENT(

VI, Jd)

I Inter-Server conmunications function

V;

J):

* MULTIPLIER ( J ) * NORM SPEED / SPEED( |

Ignore dient/Server Conms

I because they always exist and we are letting the Client |ocation

I be the free vari abl e.

NOTE:

).

ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 30720000000/ ( U( @ NDEX( S2) , @ NDEX( S3) ) * NET_BW

I Figure out if two servers are running on the sane nachi ne. ;
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|
@OR ( SERVER(K) :
@OR (SERVER(L):
@UM ( MACHI NE(R): V(R K)*V(R L)) + 1 = UK, L);
)

)

|
I A server cannot be split over multiple nachines
I

' @OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one nachi ne. ;
! .
@OR ( SERVER(K):
@UW ( MCHINE(R): V(R K)) = 1;
)
!

I Constraint for limting the RAMI| oad on a single machine.
!
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R K)*MEMORYUSE(K)) = T(R);
T(R < MEMORY(R)*MEM LIM T;
)
!

I Constraint for limting the CPU | oad on a single machine.

!
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MJILTI PLI ER(K)* NORM _SPEED/ SPEED(R)) =

QR);
QR) < CPU_TIME;
END
6. Timng9 9
MODEL :
SETS:

MACHINE / WL V@ VB Wi W6 W6 W \\8 @/ :
MEMORY, SPEED;

SERVER / S1 S2 S3 S4 S5 S6 S7 S8 S/ :
MULTI PLI ER, MEMORYUSE;

DEPLOYMENT ( MACHI NE, SERVER): V:

NET_SPD ( SERVER, SERVER): U

MEM_USED (MACHI NE): T;

CPU_USED (MACHI NE): Q
ENDSETS

DATA:
NCRM_SPEED = 1000;
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VEMORY SPEED =

64 600

128 733

128 1000
64 866

256 900

128 550

100 666
64 300

185 444;

MULTI PLI ER MEMORYUSE =
442432.0 44
807518. 4 60
288412. 8 66
111111.1 11
343434. 4 55
656565. 3 105
111111.1 184
255555, 5 130
323232. 3 100;

MEMLIMT = 1.0;

NET_BW = 100000000;

CPU_TI ME = 10000000000;
ENDDATA

M N = PROC_SPEED + NET_SPEED
PROC _SPEED = @UM DEPLOYMENT( I, J ):
VI, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));
I Inter-Server communi cations function. Ignore dient/Server Conms
I because they always exist and we are letting the Client |ocation

I be the free vari abl e. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 30720000000/ ( U( @ NDEX( S2) , @ NDEX( S3) ) *NET_BW
!

I Figure out if two servers are running on the sane nachi ne. ;
!
@FOR ( SERVER(K) :
@OR (SERVER(L):
@UM ( MACHINE(R): V(R K)*V(R L)) + 1 = UK, L);
)

)

I A server cannot be split over nultiple machines ;
|
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@OR (DEPLOYMENT: @I N(V)):
|

i Each server can only run on one machi ne.
!
@OR (SERVER(K):
@UM ( MVACHNE(R: V(R K)) = 1;
);
!

I Constraint for limting the RAMI| oad on a single machine.
!
@OR (MACHI NE(R) :
@UM ( SERVER(K): V(R K)*MEMORYUSE(K)) = T(R);
T(R < MEMORY(R)*MEM LI M T;
)
!

I Constraint for limting the CPU | oad on a single nmachine. ;

!
@rOR ( MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MJILTI PLI ER(K)* NORM _SPEED/ SPEED(R)) =

QR);
QR) < CPU TIME;
)
END
7. Ti m ngl0_10
MODEL :
SETS:

MACHINE / WL V@ W8 W V6 W6 W W8 @ WLO/:
MEMORY, SPEED;

SERVER / S1 S2 S3 S4 S5 S6 S7 S8 S9 S10/:
MULTI PLI ER, MEMORYUSE;

DEPLOYMENT ( MACHI NE, SERVER): V:

NET_SPD ( SERVER, SERVER): U

MEM_USED (MACHI NE): T;

CPU_USED (MACHI NE): Q
ENDSETS

DATA:
NCRM_SPEED = 1000;
VEMORY SPEED =

64 600
128 733
128 1000

64 866
256 900
128 550
100 666

64 300
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128 777
185 444;

MULTI PLI ER MEMORYUSE =

442432,
807518.
288412.
111111.
232323.
343434.
656565.
111111.
255555,
323232.

WOakFrRrFWrAMRFLOMO

44
60
66
11
23
55
105
184
130
100

MEMLIMT = 1.0;
NET_BW = 100000000;
CPU_TI ME = 10000000000

ENDDATA

M N = PROC_SPEED + NET_SPEED

PROC_SPEED = @UM DEPLOYMENT( I, J ):
* MULTIPLIER ( J)

V(

J)

I Inter-Server conmunications function

I because they always exist and we are letting the dient

I be the free vari able.

NET_SPEED = 30720000000/ ( U( @ NDEX( S2) , @ NDEX( S3) ) * NET_BW

Ignore dient/Server Conmms

* NORM SPEED / SPEED( |

| ocation

)

NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

I Figure out if two servers are running on the sane nachi ne. ;

|
@OR ( SERVER(K):

@OR (SERVER(L):

@UM ( MACHI NE(R) :

)
)
|

I A server cannot
|

be split over

" @OR (DEPLOYMENT: @I N(V));
|

V(R K *V(R L)) + 1 =

I Each server can only run on one machi ne.

!
@OR ( SERVER(K) :

@UM ( MACHINE(R): V(R K)) =

)
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I Constraint for limting the RAM | oad on a single nmachine.

[
@OR (MACH NE(R) :
@UM ( SERVER(K) :

V(R K)* MEMORYUSE( K) )

T(R) < MEMORY(R)*MEM LI M T;

)

I Constraint for limting the CPU |l oad on a single machine.

|
@OR ( MACHI NE(R) :
@UM ( SERVER(K) :

QR);
QR) < CPU_TIME;
)
END
8. Tinmingll 11
MODEL :
SETS:

MACH NE / W W2 W W W Wo W W8 VW WIO WL1/:

VEMORY, SPEED,

SERVER / S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11/:

MULTI PLI ER, MEMORYUSE

V(R K)*MILTI PLI ER( K) * NORM SPEED/ SPEED( R) )

DEPLOYMENT ( MACHI NE, SERVER): V;
NET_SPD (SERVER, SERVER): U:

MEM_USED ( MACHI NE): T;
CPU_USED (MACHINE): Q
ENDSETS

DATA:
NORM _SPEED = 1000;
MEMORY SPEED =

64 600
128 733
128 1000
64 866
256 900
128 550
100 666
88 1111
32 1111
128 777
185 444;
MULTI PLI ER MEMORYUSE =
442432.0 44
807518. 4 60
288412. 8 66
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111111.1 11
232323. 4 23
565656. 5 88
777777, 3 87
656565. 3 105
111111.1 184
255555. 5 130
323232. 3 100;

MEMLIMT = 1.0;

NET_BW = 100000000;

CPU_TI ME = 10000000000
ENDDATA

M N = PROC_SPEED + NET_SPEED

PROC_SPEED = @UM DEPLOYMENT( I, J ):
V (1, J)* MLTIPLIER ( J ) * NORM SPEED / SPEED( | ));

I Inter-Server communi cations function. Ignore dient/Server Conmrs
I because they always exist and we are letting the Cient |ocation

I be the free variable. NOTE: ASSUME LOCAL TW CE AS FAST AS REMOTE

NET_SPEED = 30720000000/ (U( @ NDEX( S2), @ NDEX( S3) ) *NET_BW ;
I
I Figure out if two servers are running on the sane nachi ne. ;
I
@ OR ( SERVER(K):

@FOR ( SERVER(L):

@UM ( MVACHINE(R): V(R K)*V(R L)) + 1 = UK L);
)

)

I A server cannot be split over multiple nachines ;
|

' @OR (DEPLOYMENT: @I N(V));
|

i Each server can only run on one machi ne. ;
!
@OR ( SERVER(K):
@UWM ( MMCHINE(R): V(R K)) = 1;
)
!

I Constraint for limting the RAM I oad on a single nachine. ;
|

.@:CR ( MACHI NE(R) :
@UM ( SERVER(K): V(R, K)*MEMORYUSE(K)) = T(R);
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T(R < MEMORY(R *MEM LIM T;
)
!

I Constraint for limting the CPU |l oad on a single machine.
|

@ OR (MACHI NE(R)
@UM ( SERVER(K): V(R, K)*MILTI PLI ER(K)* NORM SPEED/ SPEED(R)) =
QR);

)
END

QR < CPU_TI Mg
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APPENDI X E

A. JAVA CORBA CODE
This code was used in the testbed to validate the nodel
using servers inplenented with CORBA m ddl ewar e.

1. Server A Side Code

a) Aidl
/1 A idl

nmodul e A {
i nterface Account {
fl oat bal ance();
string mi();
string nm2();
string nmB();
string n4();

i nterface Account Manager {

Account open(in string index);
1

1

b) Account | npl . j ava
/1 Account | npl.java

public class Accountlnpl extends A Account POA {
public Accountlnpl (float bal ance) {
_bal ance = bal ance;
_al = "Return for mL: This is the first string of this new non-
denonstruct";

~a2 = "Return for m";
~a3 = "Return for nB";
_ad4 = "Return for md: Its quitting time for ne.";
_frits = new StringBuffer(1000000);
}
private static int factorial (int x) {
if (x <=0)
return O;
el se
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return factorial (x-1) + x;

}

public float bal ance() {
return _bal ance;

}
public String mi() {
i nt count;

for (int i =0; i < 360; i++)
for (int j =0; j < 360; j++)
count = factorial (i) * factorial(j);

return _al;

}
public String n2() {

int count;
for (int i =0; i < 600; i++)
for (int j =0; j < 600; j++)
count = factorial (i) * factorial(j);

return _a2

}
public String nB() {

i nt count;
for (int i = 0; i < 460; i++)
for (int j = 0; j < 460; j++)
count = factorial (i) * factorial(j);

return _a3

}
public String ma() {

i nt count;
for (int i = 0; i < 550; i++)
for (int j = 0; j < 550; j++)
count = factorial (i) * factorial (j);

return _a4;
}
private float _bal ance;
private String _al;
private String _a2;
private String _a3;
private String _a4,;
private StringBuffer frits;
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c) Account Manager | npl . j ava

/1 Account Manager | npl . j ava
i mport org.ong. Portabl eServer. *;

i mport java.util.*;

public class Account Manager| npl extends A. Account Manager POA {
public synchroni zed A. Account open(String index) ({
/1 Lookup the account in the account dictionary.
A. Account account = (A Account) _accounts. get(index);
/1 1f there was no account in the dictionary, create one.
i f(account == null) {
/1 Make up the account's bal ance, between 0 and 1000 dol |l ars.
float bal ance = Math. abs(_randomnextIint()) % 100000 / 100f;
/1 Create the account inplenentation, given the bal ance.
Account | npl account Servant = new Account | npl (bal ance);
try {
/1 Activate it on the default POA which is root POA for this
servant
account =
A. Account Hel per. narrow( _default POA().servant _to_reference(account Serva
nt));
} catch (Exception e) {
e.printStackTrace();

/1 Print out the new account.
Systemout.printin("Created " + index + "'s account: " +
account);
/1l Save the account in the account dictionary.
_accounts. put (i ndex, account);
}
/1 Return the account.
return account;
}
private Dictionary _accounts = new Hashtabl e();
private Random _random = new Randon{);

}

d) Server.java

/1l Server.java
i nport org.ong. Portabl eServer. *;

public class Server {
public static void nmain(String[] args) {

try {
/] Initialize the ORB.

org.ong. CORBA. ORB orb = org.ong. CORBA. ORB.init(args,null);
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/1 get a reference to the root POA
POA r oot POA =
POAHel per. narrow(orb.resol ve_initial _references("Root POA"));

/1l Create policies for our persistent POA
org. ong. CORBA. Policy[] policies = {
root POA. create | ifespan_policy(LifespanPolicyVal ue. PERSI STENT)
1
/1 Create myPOA with the right policies
POA nmyPOA = root POA. create POA( "a_poa"
root POA. t he_POAManager (),
policies );
/1 Create the servant
Account Manager | mpl manager Servant = new Account Manager | npl () ;
/1 Decide on the ID for the servant
byte[] managerld = "AManager". getBytes();
/1 Activate the servant with the I D on nyPOA
myPOA. activate_object_w th_id(managerld, manager Servant);

/1 Activate the POA manager
root POA. t he_POAManager (). activate();

System out. printl n(myPOA. servant _to_reference(nmanager Servant) +
" is ready.");

/1 Wait for inconing requests
orb.run();

}

catch (Exception e) {
e.printStackTrace();

}

}

2. Server B Side Code

a) B.idl
/1 B.idl

nodul e B {

i nterface Account {

fl oat bal ance();

string mi();
string nm2();

1

i nterface Account Manager {
Account open(in string index);
1
1
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b) Account | npl . j ava

/1 Accountlnpl.java
i mport java.util.Random

public class Accountl|npl extends B. Account POA {
public Accountlnpl (fl oat bal ance) {
Random si mul = new Randon();
_bal ance = bal ance;
bl = "Return for nl: This is the first string of this new non-
denonstruct";
b2 = "Return for n2";
_frits = new StringBuffer(1000000);
String[] args = null;
org. ong. CORBA. ORB Corb = org.ong. CORBA. ORB.init(args,null);
/1 Get the manager |d
byte[] Cmanagerld = "CManager". getBytes();
/1l Locate an account nanager. Gve the full POA nane and the
servant |D.
C. Account Manager Cmanager =
C. Account Manager Hel per. bi nd(Corb, "/c_poa", Cmanagerld);
/1 Request the account manager to open a named account.
_0obj C = Cmanager. open(Integer.toString(sinmul.nextlnt(10)));

}
private static int factorial (int x) {
if (x <= 0)
return O;
el se
return factorial (x-1) + x;
}

public float balance() {
return _bal ance;

}
public String m() {
int count;

for (int i = 0; i < 511; i++)
for (int j = 0; j < 511; j++)
count = factorial (i) * factorial(j);

return _bil;

}
public String m2() {
i nt count;
for (int i =0; i < 666; i++)
for (int j =0; j] < 666; j++)
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count = factorial (i) * factorial(j);

System out. println(_objC nl());
return _b2;

}

private float _bal ance;

private String _bil;

private String _b2;

private StringBuffer frits;

private C Account _objC;

C) Account Manager | npl . j ava

/1 Account Manager | npl . j ava
i mport org.ong. Port abl eServer. *;

i nport java.util.*;

public class Account Manager| npl extends B. Account Manager POA {
public synchroni zed B. Account open(String index) {
/1 Lookup the account in the account dictionary.
B. Account account = (B.Account) _accounts. get(index);
/1 1f there was no account in the dictionary, create one.
i f(account == null) {
/1 Make up the account's bal ance, between 0 and 1000 dol |l ars.
fl oat bal ance = Mat h. abs(_random nextIint()) % 100000 / 100f;
/1 Create the account inplenentation, given the bal ance.
Account | mpl account Servant = new Account | npl (bal ance);
try {
/1 Activate it on the default POA which is root POA for this
servant
account =
B. Account Hel per. narrow _default POA().servant _to_reference(account Serva
nt));
} catch (Exception e) {
e.printStackTrace();

}

/1 Print out the new account.

Systemout.printin("Created " + index + "'s account: " +
account);

/1 Save the account in the account dictionary.
_accounts. put (i ndex, account);
}
/1 Return the account.
return account;
}
private Dictionary _accounts = new Hashtabl e();
private Random _random = new Random();
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d) Server.java

/'l Server.java
i mport org.ong. Port abl eServer. *;

public class Server {

public static void main(String[] args) {
try {
/1 Initialize the ORB.
org.ong. CORBA. ORB orb = org.ong. CORBA. ORB.init(args,null);
/1 get a reference to the root POA
PCA r oot POA =
POAHel per. narrow(orb.resol ve_initial _references("Root POA"));

/1l Create policies for our persistent POA
org. ong. CORBA. Policy[] policies = {
root POA. create | ifespan_policy(LifespanPolicyVal ue. PERSI STENT)
1
/1l Create myPOA with the right policies
PQOA nmyPOA = root POA create POA( "b_poa",
r oot POA. t he_POAManager (),
policies );
/1l Create the servant
Account Manager | mpl manager Servant = new Account Manager | npl () ;
/1 Decide on the ID for the servant
byte[] managerld = "BManager". getBytes();
/1 Activate the servant with the I D on nyPOA
myPOA. acti vate_object _with_id(nmanagerld, manager Servant);

/1 Activate the POA manager
root POA. t he_POAManager (). activate();

System out. println(myPOA servant to_reference(manager Servant) +
" is ready.");

/1 Wait for inconming requests

orb.run();

catch (Exception e) {
e.printStackTrace();
}
}

3. Server C Side Code

a) Cidl

/1 Cidl
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nodul e C {

i nterface Account {

fl oat bal ance();

string mi();
string n2();
string nm3();

i

i nterface Account Manager {
Account open(in string index);
b
b

b) Account I npl . j ava
/1 Accountlnpl.java

public class Accountl|npl extends C. Account POA {
public Accountlnpl (fl oat bal ance) {
_bal ance = bal ance;
¢l = "Return for nl: This is the first string of this new non-
denonstruct";
€2 = "Return for n2";
~¢3 = "Return for nB";
_frits = new StringBuffer(1000000);

}
private static int factorial (int x) {
if (x <= 0)
return O;
el se
return factorial (x-1) + x;
}

public float balance() {
return _bal ance;

}
public String mi() {
int count;

for (int i =0; i < 627; i++)
for (int j =0; j < 627; |++)
count = factorial (i) * factorial(j);
return _cl;

}
public String m2() {
int count;

for (int i =0; i < 726; i++)
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for (int j

=0; ] <726; j++)
count = fac

torial (i) * factorial(j);
return _c2;

}
public String nB() {

int count;
for (int i = 0; i < 340; i++)
for (int j =0; j < 340; j++)
count = factorial (i) * factorial(j);

return _c3;
}
private float _bal ance;
private String _c1;
private String _c2;
private String _c3;
private StringBuffer frits;

c) Account Manager | npl . j ava

/1 Account Manager | npl . j ava
i mport org.ong. Port abl eServer. *;

i nport java.util.*;

public class Account Manager| npl extends C. Account Manager POA {
public synchronized C Account open(String index) {
/1 Lookup the account in the account dictionary.
C. Account account = (C. Account) _accounts. get (index);
/1 1f there was no account in the dictionary, create one.
i f(account == null) {
/1 Make up the account's bal ance, between 0 and 1000 dol | ars.
fl oat bal ance = Mat h. abs(_random nextint()) % 100000 / 100f;
/1 Create the account inplenmentation, given the bal ance.
Account | npl account Servant = new Account | npl ( bal ance) ;
try {
/1 Activate it on the default POA which is root POA for this
servant
account =
C. Account Hel per. narrow _default POA().servant _to_reference(account Serva
nt));
} catch (Exception e) {
e.printStackTrace();

// Print out the new account.

Systemout.printin("Created " + index + "'s account: " +
account);
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/1 Save the account in the account dictionary.
_accounts. put (i ndex, account);
}
// Return the account.
return account;
}
private Dictionary _accounts = new Hashtabl e();
private Random _random = new Randon{);

}

d) Server.java

/1 Server.java
i mport org.ong. Portabl eServer. *;

public class Server {

public static void main(String[] args) {
try {
/1 Initialize the ORB.
org. ong. CORBA. ORB orb = org.ong. CORBA. ORB.init(args,null);
/1 get a reference to the root POA
PCA root POA =
PQAHel per. narrow(orb.resol ve_initial _references("Root POA"));

/1l Create policies for our persistent POA
org. ong. CORBA. Policy[] policies = {

root POA. create_ | ifespan_policy(LifespanPolicyVal ue. PERSI STENT)
1

/1l Create nmyPOA with the right policies
PCA nmyPOA = root POA. create_POA( "c_poa",
r oot POA. t he_POAManager (),
policies );
/1 Create the servant
Account Manager | npl manager Servant = new Account Manager | mpl () ;
/1 Decide on the ID for the servant
byte[] managerld = "CManager". getBytes();
/1 Activate the servant with the I D on nyPOA
myPOA. activate object _with_id(managerld, manager Servant);

/1 Activate the POA manager
r oot POA. t he_ POAManager () . acti vate();

System out. printl n(nmyPOA. servant _to_reference(nanager Servant) +
" is ready.");
/1 Wait for incomng requests
orb.run();
}
catch (Exception e) {
e.printStackTrace();
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4. Client Side Code

a) Test.j ava

/*
* @#) Test.javal. 22 98/ 08/ 26
*

*/
i mport java.util.?*;

/**

*/

public class Test {
static Tinmer calltinme;
static Tinmer testtime;

stati ¢ Random si mul at e;

bool ean RUNNI NG = true;

A. Account objA = null;
B. Account objB = null;
C. Account objC = nul I ;

public void init(String[] args) {
/1 Initialize the ORB.

org.ong. CORBA. ORB orb = org.ong. CORBA. ORB.init(args,null);

/'l Get the manager Id

byte[] Amanagerld = "AManager". getBytes();
= "BManhager". get Bytes();

"CMvanager". get Bytes();

/1 Locate an account nanager. G ve the full

byte[] Bmanagerld
byte[] Cmanagerld

servant |D.
A. Account Manager Amanager =

A. Account Manager Hel per. bi nd(orb, "/a_poa",

B. Account Manager Bnanager =

B. Account Manager Hel per. bi nd(orb, "/b_poa",

C. Account Manager Crmanager =

C. Account Manager Hel per. bi nd(orb, "/c_poa",

POA nane and t he

Amanager | d);
Brmanager | d) ;

Cnmanager| d) ;

/1 Request the account manager to open a named account.

i nt Acount = sinulate.nextlnt(10);
for (int i =1; i < 10; i++)

obj A = Amanager. open(lnteger.toString(i));
obj A = Amanager. open(l nteger.toString(Acount));

i nt Bcount = sinulate.nextlnt(10);
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for (int i =1; i < 10; i++)
obj B = Brmanager . open(lnteger.toString(i));
obj B = Brmanager . open( | nteger.toStri ng(Bcount));

i nt Ccount si mul at e. next | nt (10);
for (int i 1; i < 10; i++)

obj C = Cmanager.open(lnteger.toString(i));
obj C = Cmanager . open( |l nteger.toString(Ccount));

}

public void run_testl() {
doubl e aver age;
bool ean RUN1 = true;
int count = O;
| ong duration = 0;

RUN1 = true;
count = O;

duration = O;
whi | e ((RUN1)

calltine.reset();

try {
obj A. mL();

catch (Exception exc) {
Systemout.println("Test exception: " +
exc. get Message());
exc. printStackTrace();
RUN1 = fal se;
RUNNI NG = fal se;

}
calltime.stop();
duration = duration + calltine.elapsedns();
count = count + 1;
if (count < 20)
{
try {
Thread. current Thread() . sl eep(1000);
catch (Exception inter) {
Systemout. println("Test exception on sleep:
i nter.get Message());
inter.printStackTrace();
}
}
el se
{
RUN1 = fal se;
}
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}

average = (double) duration / (double) count;
System out. println("Average response time 1:

+ average);

RUN1 = true;

count = O;

duration = O;

whil e (RUN1)

{
calltime.reset();
try {
obj A. n2();

}

catch (Exception exc) {
Systemout.println("Test exception: " +

exc. get Message());
exc. printStackTrace();
RUN1 = fal se;
RUNNI NG = fal se;

}
calltinme.stop();
duration = duration + calltine.elapsedns();
count = count + 1,
if (count < 20)
{
try {
Thread. current Thread() . sl eep(1000);
}
catch (Exception inter) {
Systemout.println("Test exception on sleep: " +
i nter.get Message());
i nter.printStackTrace();
}
}
el se
RUN1 = fal se;
}
}
average = (double) duration / (double) count;
Systemout.println("Average response time 2: " + average);
count = O;
duration = 0;
RUN1 = true;
whil e (RUN1)
{
calltime.reset();
try {
obj A. nB();
}
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catch (Exception exc) {
Systemout.println("Test exception: " +
exc. get Message());
exc. printStackTrace();
RUN1 = fal se;
RUNNI NG = fal se;

}
calltime.stop();
duration = duration + calltine.elapsedns();
count = count + 1;
if (count < 20)
{
try {
Thr ead. current Thread() . sl eep(1000);
catch (Exception inter) {
Systemout.println("Test exception on sleep: " +
i nter.get Message());
i nter.printStackTrace();
}
}
el se
RUN1 = fal se;
}
}

average = (double) duration / (double) count;
System out. println("Average response tinme 3:

+ average);

count = O;

duration = O;
RUN1 = true;
whi | e (RUN1)

calltine.reset();
try {

}

catch (Exception exc) {
System out. println("Test exception:
exc. get Message());
exc. printStackTrace();
RUNL = fal se;
RUNNI NG = f al se;

obj A. ma();

L

}
calltinme.stop();
duration = duration + calltine.elapsedns();
count = count + 1,
if (count < 20)
{

try {
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Thread. current Thread() . sl eep(1000);
}
catch (Exception inter) {
Systemout.println("Test exception on sleep: " +
i nter.get Message());
inter.printStackTrace();

}
}
el se
RUN1 = fal se;
}
}

average = (double) duration / (double) count;
System out. println("Average response time 4:

+ average);

count = O;

duration = O;

RUN1 = true;

whil e (RUN1)

{
calltime.reset();
try {
obj B. mL();

}

catch (Exception exc) {
Systemout.println("Test exception: " +

exc. get Message());
exc. printStackTrace();
RUN1 = fal se;
RUNNI NG = fal se;

}
calltime.stop();
duration = duration + calltine.el apsedns();
count = count + 1;
if (count < 20)
{
try {
Thread. current Thread() . sl eep(1000);
}
catch (Exception inter) {
Systemout.println("Test exception on sleep: " +
i nter.get Message());
inter.printStackTrace();
}
}
el se
RUN1 = fal se;
}
}
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average = (double) duration / (double) count;

Systemout.println("Average response time 5: " + average);
count = O;
duration = 0;
RUN1 = true;
while (RUN1)
{
calltime.reset();
try {
obj B. n2() ;
}
catch (Exception exc) {
Systemout.println("Test exception: " +
exc. get Message());
exc. printStackTrace();
RUN1 = fal se;
RUNNI NG = f al se;
}
calltinme.stop();
duration = duration + calltine.elapsedns();
count = count + 1;
if (count < 20)
{
try {
Thread. current Thread() . sl eep(1000);
}
catch (Exception inter) {
Systemout. println("Test exception on sleep: " +
i nter.get Message());
inter.printStackTrace();
}
}
el se
{
RUN1 = fal se;
}
}

average = (double) duration / (double) count;
System out. println("Average response tinme 6:

+ average) ;
count = O;
duration = O;

RUN1 = true;
whi | e ((RUN1)

calltine.reset();
try {

}

catch (Exception exc) {

obj C. miL();
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Systemout.println("Test exception: " +
exc. get Message());
exc. printStackTrace();
RUNL = fal se;
RUNNI NG = fal se;

}
calltime.stop();
duration = duration + calltine.elapsedns();
count = count + 1;
if (count < 20)
{
try {
Thr ead. current Thread() . sl eep(1000);
}
catch (Exception inter) {
Systemout.println("Test exception on sleep: " +
i nter.get Message());
i nter.printStackTrace();
}
}
el se
RUN1 = fal se;
}
}

average = (double) duration / (double) count;
System out. println("Average response tinme 7:

+ average);

count = 0O;
duration = O;
RUNL = true;
whi | e ((RUN1)
{
calltime.reset();
try {
obj C. n2();
}
catch (Exception exc) {
Systemout.println("Test exception: " +

exc. get Message());
exc. printStackTrace();
RUN1 = fal se;
RUNNI NG = f al se;

}
calltinme.stop();
duration = duration + calltine.elapsedns();
count = count + 1;
if (count < 20)
{

try {
Thread. current Thread() . sl eep(1000);
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}
catch (Exception inter) {

Systemout. println("Test exception on sleep: " +
i nter.get Message());
inter.printStackTrace();

}
}
el se
{
RUN1 = fal se;
}
}

average = (double) duration / (double) count;
System out. println("Average response tinme 8:

+ average);

count = O;
duration = O;
RUNL = true;
whil e (RUN1)
{
calltime.reset();
try {
obj C. nB();
}
catch (Exception exc) {
Systemout.println("Test exception: " +

exc. get Message());
exc. printStackTrace();
RUNL = fal se;
RUNNI NG = fal se;

}
calltinme.stop();
duration = duration + calltine.elapsedns();
count = count + 1;
if (count < 20)
{
try {
Thread. current Thread() . sl eep(1000);
}
catch (Exception inter) {
Systemout.println("Test exception on sleep: " +
i nter.get Message());
inter.printStackTrace();
}
}
el se
RUN1 = fal se;
}
}

average = (double) duration / (double) count;
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Systemout.println("Average response time 9: " + average);

public static void main(String args[]) {

Test test = new Test();

calltime = new Tiner();
testtine = new Tiner();
si mul ate = new Random();

test.init(args);
test.run_testl();

b) Rol es. j ava

/*
* @#)Rol es.javal. 22 98/ 08/ 26
*

*/
i mport java.util.Random

/**

*/

public class Roles {
static Tiner calltine;
static Tiner testtine;

stati ¢ Random si mul at €;

bool ean RUNNI NG = true;
A. Account obj A = null;
B. Account objB nul | ;
C. Account objC = nul Il ;

A. Account Manager Amanager = null;
B. Account Manager Bnanager = null;
C. Account Manager Cnanager = null;

public void init(String[] args) {
/1 Initialize the ORB.
org.ong. CORBA. ORB orb = org.ong. CORBA. ORB.init(args,null);
/'l Get the manager Id
byte[] Amanagerld " AManager " . get Byt es();
byte[] Bmanagerld "BManager". get Bytes();
byte[] Cmanagerld "CMvanager". get Bytes();
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/1l Locate an account nanager. G ve the full POA nane and the

servant |D.

}

Amanager = A. Account Manager Hel per. bi nd(orb, "/a_poa", Anmanagerld);
Brmanager = B. Account Manager Hel per. bi nd(orb, "/b_poa", Bmanagerld);
Cmanager = C. Account Manager Hel per. bi nd(orb, "/c_poa", Cmanagerld);
/1 Request the account manager to open a named account.
i nt Acount = sinulate.nextlnt(10);
for (int i =1; i < 10; i++)

obj A = Amanager . open(lnteger.toString(i));
obj A = Amanager . open( | nteger.toString(Acount));

i nt Bcount = sinulate.nextlnt(10);
for (int i =1; i < 10; i++)

obj B = Brmanager . open(l nteger.toString(i));
obj B = Brmanager . open( | nteger.toStri ng(Bcount));

int Ccount = sinulate.nextlnt(10);
for (int i =1; i < 10; i++)

obj C = Cmanager . open(lnteger.toString(i));
obj C = Cmanager . open( | nteger.toString(Ccount));

public void set_nemory() {

}

i nt Acount = sinulate.nextlnt(44);
for (int i =1; i < 44; i++)

obj A = Amanager.open(lnteger.toString(i));
obj A = Amanager . open( |l nteger.toString(Acount));

i nt Bcount si mul at e. next | nt (60);
for (int i 1, i < 60; i++)

obj B = Bmanager.open(lnteger.toString(i));
obj B = Brmanager . open( | nteger.toString(Bcount));

int Ccount = sinulate.nextlnt(66);
for (int i =1; i < 66; i++)

obj C = Cmanager.open(lnteger.toString(i));
obj C = Cmanager. open(lnteger.toString(Ccount));

public void run_testl1(int max_run) {

int choice = 1;
doubl e average;
bool ean RUN1 = true;
int count = O;
int cntl
int cnt2
int cnt3
int cnt4
| ong duration =

eeee

o
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testtine.reset();

whil e (RUN1)
{
choi ce = simul ate.nextlnt(53);
calltime.reset();
try {
if (choice < 50)
{
obj A. mL();
cntl = cntl + 1;
}
else if (choice < 51)
{
obj A. n2();
obj B. mL();
cnt2 =cnt2 + 1;
}
else if (choice < 52)
{
obj C. mL();
obj C. n2();
cnt3 = cnt3 + 1;
}
else if (choice < 53)
{
obj B. n2();
cnt4 = cnt4 + 1;
}
el se
{
Systemout.println("Got choice out of bounds " + choice);
}
}
catch (Exception exc) {

Systemout.println("Roles exception: " +
exc. get Message());
exc. printStackTrace();
RUNL = fal se;
RUNNI NG = f al se;

calltinme.stop();

duration = duration + calltine. el apsedns();
count = count + 1,

if (count < max_run)

{
try {
Thread. current Thread() . sl eep(1000);
}
catch (Exception inter) {
Systemout.println("Rol es exception on sleep: " +
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}

i nter.get Message());
inter.printStackTrace();

}
}
el se
RUN1 = fal se;
}
}

testtine.stop();

Systemout.println("Test 1 duration is " + testtine.elapsed());
Systemout.println("Total nunber of calls is " + count);
Systemout.printin(" 1 Nunber of calls is + cntl);
Systemout.println(" 2 Nunber of calls is + cnt2);
Systemout.printin(" 3 Nunber of calls is " + cnt3);
Systemout.printin(" 4 Nunber of calls is + cnt4);
average = (double) duration / (double) count;
Systemout.println("Average response tinme is " + average);
Systemout.println("");

public void run_test2(int max_run) {

int choice = 1;
doubl e aver age;

bool ean RUN2 = true;
int count = O;

int cntl = 0O;

int cnt2 = 0O;

int cnt3 = 0O;
0;

| ong duration =

testtine.reset();
whil e (RUN2)
{

choice = simulate.nextlnt(74);
calltime.reset();

try {
if (choice < 10)
{

obj A. mL();

cntl cntl + 1;
else if (choice < 50)
{
obj A. n2();
obj B. mL();
cnt2 =cnt2 + 1;

else if (choice < 74)

{
obj B. mL();
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}

obj B. n2() ;
cnt3 = cnt3 + 1;

}

el se

{
}

catch (Exception exc) {
Systemout. println("Roles exception: " +
exc. get Message());
exc. printStackTrace();
RUN2 = fal se;
RUNNI NG = f al se;

Systemout.println("Got choice out of bounds + choi ce);

calltinme.stop();

duration = duration + calltine.elapsedns();
count = count + 1,

if (count < max_run)

{
try {
Thread. current Thread() . sl eep(1000);
catch (Exception inter) {
Systemout.println("Rol es exception on sleep: " +
i nter.get Message());
i nter.printStackTrace();
}
}
el se
{
RUN2 = fal se;
}
}

testtine.stop();

Systemout.println("Test 2 duration is + testtine. el apsed());
Systemout.println("Total nunber of calls is " + count);
Systemout.println(" 1 Nunmber of calls is + cntl);
Systemout.println(" 2 Number of calls is " + cnt2);
Systemout.printin(" 3 Nunber of calls is + cnt 3);

average = (double) duration / (double) count;

Systemout. println("Average response tinme is " + average);
Systemout.printin("");

public void run_test3(int max_run) {

int choice = 1;
doubl e average;

bool ean RUN3 = true;
int count = O;

int cntl = O;
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int cnt2
int cnt3
int cnt4
int cntb5
| ong duration =

eeee

oS

testtine.reset();
whi | e ( RUN3)
{

choice = simulate.nextlnt(92);

calltine.reset();
try {
if (choice < 50)
{
obj A. nL();
obj B. n2() ;
else if (choice < 60)
obj A. nL();
obj A. n2();
obj A m8() ;
obj B. m2() ;

else if (choice < 90)

obj C. n2();

else if (choice < 91)

obj C. nB();

else if (choice < 92)

System out. println("Got choice out

obj B. mL();
obj B. n2() ;
}
el se
{
}
}

catch (Exception exc) {
Systemout. println("Rol es exception:

cntl

cnt2

cnt 3

cnt4

cnt5

=cntl +

= cnt2 +

= cnt3 +

= cnt4 +

= cnt5 +

exc. get Message()) ;

exc. printStackTrace();
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| *
*/

RUN3 = fal se;

RUNNI NG = fal se;

}

calltime.stop();

duration = duration + calltine.elapsedns();
count = count + 1,

if (count < max_run)

{
try {
Thread. current Thread() . sl eep(1000);
catch (Exception inter) {
System out.println("Rol es exception on sleep: " +
i nter.get Message());
i nter.printStackTrace();
}
}
el se
RUN3 = fal se;
}
}

testtine.stop();
Systemout.println("Test 3 duration is " + testtine.elapsed());
Systemout.println("Total nunber of calls is " + count);

Systemout.printin(" 1 Nurmber of calls is " + cntl);
Systemout.println(" 2 Nunber of calls is " + cnt2);
Systemout.println(" 3 Nunber of calls is " + cnt3);
Systemout.println(" 4 Nunmber of calls is " + cnt4);
Systemout.printin(" 5 Nunber of calls is " + cnth);
average = (double) duration / (double) count;

Systemout. println("Average response tinme is " + average);

Systemout.println("");

public static void main(String args[]) {

Rol es test = new Rol es();

calltime = new Tiner();
testtine = new Tinmer();
simul ate = new Randon{);

test.init(args);
test.run_test1(1000);
test.run_test2(1000);
test.run_test3(1000);
test.set_nenory();
Systemout.println("");
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Systemout. println("Bunping the menory on the servers...");
Systemout.println("");

test.run_test1(1000);

test.run_test2(1000);

test.run_test3(1000);

C) Rl.j ava

i mport java.util.Random
i mport java.rni.Nam ng;
i mport java.rm . Renot eException;

/**
*/
public class Rl {
static Tinmer calltinme;
static Tinmer testtine;
stati ¢ Random si mul at e;

bool ean RUNNI NG = true;

A. Account objA = null;
B. Account objB = null;
C. Account objC = nul I ;

A. Account Manager Amanager = null;
B. Account Manager Brmanager = null;
C. Account Manager Cnanager = null;

public void init(String[] args) {
/1 Initialize the ORB
org.ong. CORBA. ORB orb = org.ong. CORBA. ORB.init(args,null);
/1 CGet the manager |d
byte[] Amanagerld = "AManager". getBytes();
byte[] Brmanagerld = "BManager". getBytes();
byte[] Cmanagerld "CManager". get Bytes();
/1l Locate an account nanager. G ve the full POA nane and the
servant |D.
Amanager = A. Account Manager Hel per. bi nd(orb, "/a_poa", Anmanagerld);
Bmanager = B. Account Manager Hel per. bi nd(orb, "/b_poa", Bnanagerld);
Cnanager = C. Account Manager Hel per. bi nd(orb, "/c_poa", Cmranagerld);
/1 Request the account manager to open a named account.
i nt Acount = sinulate.nextlnt(10);
for (int i =1; i < 10; i++)
obj A = Amanager. open(lnteger.toString(i));
obj A = Amanager. open(l nteger.toString(Acount));

i nt Bcount
for (int i

si mul at e. next I nt (10);
1; i < 10; i++)
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obj B = Brmanager . open(lnteger.toString(i));
obj B = Brmanager . open( | nteger.toString(Bcount));

i nt Ccount si mul at e. next | nt (10);
for (int i 1; i < 10; i++)

obj C = Cmanager . open(lnteger.toString(i));
obj C = Cmanager . open( |l nteger.toString(Ccount));

}

public void set_nmenory() {
i nt Acount = sinulate.nextlnt(44);
for (int i =1; i < 44; i++)
obj A = Amanager . open(lnteger.toString(i));
obj A = Amanager . open( |l nteger.toString(Acount));

i nt Bcount = sinulate.nextlnt(60);
for (int i =1; i < 60; i++)

obj B = Brmanager . open(l nteger.toString(i));
obj B = Brmanager . open( | nteger.toString(Bcount));

int Ccount = sinulate.nextlnt(66);
for (int i =1; i < 66; i++)

obj C = Cmanager . open(lnteger.toString(i));
obj C = Cmanager . open( |l nteger.toString(Ccount));

}

public void run_testl(int max_run) {

int choice = 1;

doubl e aver age;
bool ean RUNL = true;

int count = O;
int cntl
int cnt2
int cnt3
int cnt4

| ong duration =

eLeee

oSiunnnn

testtine.reset();
whil e (RUN1)
{

choice = sinul ate. nextlInt(53);
calltime.reset();

try {
if (choice < 50)

{

obj A miL();
cntl = cntl + 1;

else if (choice < 51)
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obj A. n2();
obj B. mL()

cnt 2

cnt2 + 1;

else if (choice < 52)

{
obj C. mL();
obj C. n2();
cnt3 = cnt3 + 1;

else if (choice < 53)

{
obj B. n2() ;
cnt4 = cnt4 + 1,

}

el se
{ _ _ |

System out.println("Got choice out of bounds " + choice);

}

}
catch (Exception exc) {

Systemout.println("Rl exception: " +
exc. get Message());

exc. printStackTrace();

RUNL = fal se;

RUNNI NG = f al se;
}
calltime.stop();
duration = duration + calltine.elapsedns();
count = count + 1;

if (count < max_run)

{
try {
Thread. current Thread() . sl eep(15500);
}
catch (Exception inter) {
Systemout.println("RlL exception on sleep: " +
i nter.get Message());
inter.printStackTrace();
}
}
el se
RUN1L = fal se;
}
}

testtine.stop();

Systemout.printin("Test 1 duration is " + testtine.elapsed());
Systemout.println("Total nunber of calls is " + count);
Systemout.printin(" 1 Nurmber of calls is " + cntl);
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Systemout.println(" 2 Nunber of calls is
Systemout.printin(" 3 Nunber of calls is
Systemout.println(" 4 Nunber of calls is
average = (double) duration / (double) count;

cnt 2);
cnt 3);
cnt4);

System out. println("Average response tine is " aver age) ;
Systemout.println("");
}
public static void main(String args[]) {
/*
*/
Rl test = new R1();
calltime = new Tiner();
testtine = new Tinmer();
si mul ate = new Random();
test.init(args);
test.run_test1(848);
test.set _nenory();
Systemout.println("");
System out. println("Bunping the menmory on the servers...");

Systemout.println("");
test.run_test1(848);

d) R2. ] ava

i mport java.util.Random
i mport java.rm . Naning;
i mport java.rm . Renot eException;

/**
*/
public class R2 {
static Tinmer calltinme;
static Tiner testtine;
stati ¢ Random si mul at e;

bool ean RUNNI NG = true;
A. Account obj A nul | ;
B. Account objB nul | ;
C. Account objC = null;

A. Account Manager Amanager = null;
B. Account Manager Bnanager = null;
C. Account Manager Cnanager = null;
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public void init(String[] args) {

/1 Initialize the ORB

org. ong. CORBA. ORB orb = org.ong. CORBA. ORB.init(args,null);

/1l Get the nanager Id

byte[] Amanagerld = "AManager". getBytes();

byte[] Bmanagerld = "BManager". getBytes();

byte[] Cmanagerld = "CManager". getBytes();

/1 Locate an account nanager. G ve the full POA nane and the

servant |D.

}

Anmanager = A. Account Manager Hel per. bi nd(orb, "/a poa", Amanagerld);
Brmanager = B. Account Manager Hel per. bind(orb, "/b_poa", Bmanagerld);
Cmanager = C. Account Manager Hel per. bi nd(orb, "/c_poa", Cmanagerld);
/1 Request the account manager to open a named account.
i nt Acount = sinulate.nextlnt(10);
for (int i =1; i < 10; i++)

obj A = Amanager.open(lnteger.toString(i));
obj A = Amanager . open( |l nteger.toString(Acount));

i nt Bcount si mul at e. next I nt (10);
for (int i 1, i < 10; i++)

obj B = Bmanager.open(lnteger.toString(i));
obj B = Brmanager . open( | nteger.toString(Bcount));

i nt Ccount si mul at e. next I nt (10);
for (int i 1; i < 10; i++)

obj C = Cmanager.open(lnteger.toString(i));
obj C = Cmanager . open( |l nteger.toString(Ccount));

public void set_nenmory() {

i nt Acount = sinulate.nextlnt(44);
for (int i =1; i < 44; i ++)

obj A = Amanager.open(lnteger.toString(i));
obj A = Amanager . open( | nteger.toString(Acount));

i nt Bcount si mul at e. next | nt (60);
for (int i 1; i < 60; i++)

obj B = Bmanager.open(lnteger.toString(i));
obj B = Brmanager . open( | nteger.toStri ng(Bcount));

int Ccount = sinulate.nextlnt(66);
for (int i =1; i < 66; i++)

obj C = Cmanager.open(lnteger.toString(i));
obj C = Crmanager . open( | nteger.toString(Ccount));

public void run_test2(int max_run) {
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int choice = 1;
doubl e aver age;

bool ean RUN2 = true;
int count = O;

int cntl = O;

int cnt2 = 0O;

int cnt3 = 0O;
0;

| ong duration =

testtine.reset();
whil e (RUN2)
{

choice = simul ate.nextlnt(74);
calltime.reset();

try {
if (choice < 10)
{

obj A. mL();

cntl cntl + 1;
else if (choice < 50)
{
obj A. n2();
obj B. mL();
cnt2 =cnt2 + 1;

else if (choice < 74)

{

obj B. mL();

obj B. n2();

cnt3 = cnt3 + 1;
}
el se
{
Systemout.println("Got choice out of bounds " + choice);
}
}

catch (Exception exc) {

Systemout.println("R2 exception: " +
exc. get Message());

exc. printStackTrace();

RUN2 = fal se;

RUNNI NG = f al se;
}

calltinme.stop();

duration = duration + calltine.elapsedns();
count = count + 1;

if (count < max_run)
{

try {
Thread. current Thread() . sl eep(6500);
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}
catch (Exception inter) {

Systemout.println("R2 exception on sleep: " +
i nter.get Message());
inter.printStackTrace();

}
}
el se
{
RUN2 = fal se;
}
}

testtine.stop();

Systemout.println("Test 2 duration is + testtine. el apsed());
Systemout.println("Total nunber of calls is " + count);
Systemout.printin(" 1 Nunber of calls is + cntl);
Systemout.println(" 2 Nunber of calls is " + cnt2);
Systemout.println(" 3 Nunber of calls is + cnt 3);

average = (double) duration / (double) count;
Systemout.println("Average response tinme is " + average);
Systemout.println("");

public static void main(String args[]) {
/*
*/

R2 test = new R2();

calltime = new Tinmer();
testtine = new Tinmer();
si mul ate = new Random();

test.init(args);

test.run_test2(1184);

test.set_nenory();

Systemout.println("");

Systemout. println("Bunping the nmenory on the servers...");
Systemout.printin("");

test.run_test2(1184);

e) R3.j ava
i nport java.util.Random

i mport java.rm . Nani ng;
i mport java.rm . Renot eExcepti on;
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/**
*/
public class R3 {
static Tinmer calltinme;
static Tinmer testtine;
stati ¢ Random si mul at e;

bool ean RUNNI NG = true;

A. Account obj A = null;
B. Account objB = null;
C. Account objC = nul | ;
A. Account Manager Anmanager = null;
B. Account Manager Bnanager = null;
C. Account Manager Cmanager = nul | ;

public void init(String[] args) {
/1 Initialize the ORB.
org. ong. CORBA. ORB orb = org.ong. CORBA. ORB.init(args,null);
/1 Get the nmanager 1d
byte[] Amanagerld " AManager". get Bytes();
byte[] Bmanagerld "BManager". get Bytes();
byte[] Cmanagerld "CMvanager". get Bytes();
/1l Locate an account nanager. G ve the full POA nane and the
servant |D.
Anmanager = A. Account Manager Hel per. bi nd(orb, "/a poa", Amanagerld);
Brmmanager = B. Account Manager Hel per. bi nd(orb, "/b_poa", Bmanagerld);
Cmanager = C. Account Manager Hel per. bi nd(orb, "/c_poa", Cmanagerld);
/'l Request the account manager to open a named account.
i nt Acount = sinulate.nextlnt(10);
for (int i =1; i < 10; i++)
obj A = Amanager.open(lnteger.toString(i));
obj A = Amanager . open( | nteger.toString(Acount));

i nt Bcount = sinulate.nextlnt(10);
for (int i =1; i < 10; i++)

obj B = Bmanager.open(lnteger.toString(i));
obj B = Brmanager . open( | nteger.toString(Bcount));

int Ccount = sinulate.nextlnt(10);
for (int i =1; i < 10; i++)

obj C = Cmanager.open(lnteger.toString(i));
obj C = Cmanager . open( |l nteger.toString(Ccount));

}

public void set_nmenory() {
i nt Acount = sinulate.nextlnt(44);
for (int i =1; i < 44; i++)
obj A = Amanager. open(lnteger.toString(i));
obj A = Amanager . open( | nteger.toString(Acount));
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i nt Bcount si mul at e. next | nt (60);
for (int i 1, i < 60; i++)

obj B = Brmanager . open(lnteger.toString(i));
obj B = Brmanager . open( | nteger.toString(Bcount));

int Ccount = sinulate.nextlnt(66);
for (int i =1; i < 66; i++)

obj C = Cmanager . open(lnteger.toString(i));
obj C = Cmanager . open( |l nteger.toString(Ccount));

public void run_test3(int max_run) {

int choice = 1;

doubl e aver age;
bool ean RUN3 = true;

int count = O;
int cntl
int cnt2
int cnt3
int cnt4
int cntb

| ong duration =

eeeee

oSiunnnnn

testtine.reset();

whi | e ( RUN3)
{
choice = sinul ate. nextlnt(92);
calltime.reset();
try {
if (choice < 50)
{
obj A. mL();
obj B. n2();

cntl = cntl + 1;

else if (choice < 60)
{
obj A. mL();
obj A. n2();
obj A. nB();
obj B. n2() ;
cnt2 = c¢cnt2 + 1;

else if (choice < 90)

{
obj C. m2();

cnt3 cnt3 + 1;

else if (choice < 91)
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obj C. nB();
cnt4 = cnt4 + 1;

else if (choice < 92)

{

obj B. mL();

obj B. n2() ;

cnt5 = cnt5 + 1;
}
el se
{
Systemout. println("Got choice out of bounds " + choice);

}
catch (Exception exc) {

Systemout.println("R3 exception: " +
exc. get Message());

exc. printStackTrace();

RUN3 = fal se;

RUNNI NG = fal se;
}

calltime.stop();

duration = duration + calltine.elapsedns();
count = count + 1;

if (count < max_run)

{
try {
Thr ead. current Thread() . sl eep(4500);
catch (Exception inter) {
Systemout.println("R3 exception on sleep: " +
i nter.get Message());
inter.printStackTrace();
}
}
el se
{
RUN3 = fal se;
}
}

testtine.stop();
Systemout.println("Test 3 duration is

+ testtine.elapsed());

Systemout.println("Total nunber of calls is " + count);
Systemout.printin(" 1 Nurmber of calls is " + cntl);
Systemout.println(" 2 Nurmber of calls is " + cnt2);
Systemout.printin(" 3 Nunber of calls is " + cnt3);
Systemout.printin(" 4 Nunmber of calls is " + cnt4);
Systemout.println(" 5 Nunmber of calls is " + cntb);
average = (double) duration / (double) count;
Systemout.println("Average response tinme is " + average);
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Systemout.println("");

public static void main(String args[]) {
/*
*/

R3 test = new R3();

calltime = new Tiner();
testtinme = new Tiner();
simul ate = new Random();

test.init(args);
test.run_test3(1312);
test.set_nenory();
Systemout.println("");
System out. println("Bunping the menory on the servers...");
Systemout.printin("");
test.run_test3(1312);
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